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1 INTRODUCTION 
 
Food is an integral part of our lives, not only providing nutritional support and energy for 
metabolic processes which ensure optimal functioning and development of organisms, but 
also playing an important role in our society. Most of our daily lives resolve around 
meeting each other to share a meal, especially during holidays and celebrations when 
traditional foods are being prepared and often served in family gatherings. The human diet 
is extremely diverse and influenced by the environment and culture that individuals are 
part of. However, food can also have negative effects on our body as it can for example 
cause allergies or various intolerances. Food sources and varieties of food products used in 
everyday meals are extensive, but only a few are responsible for the majority of food 
allergy occurrences.  
 
Food allergy is an adverse food-induced immune response. It occurs due to sensitization to 
a food antigen, which leads to the production of immunoglobulin isotype E (IgE) 
antibodies against this food antigen. Upon subsequent antigen ingestion, a clinical response 
can be elicited, causing a variety of symptoms ranging from mild irritations to anaphylaxis 
(Burks et al., 2012). Food antigens can also be involved in other types of non-IgE (e.g. 
cell) mediated or mixed adverse reactions, for instance, food-allergy-associated atopic 
dermatitis and eosinophilic gastrointestinal disorders (Yu et al., 2018). Adults, as well as 
children, can be affected and though some types of allergy, for example, milk allergy or 
egg allergy, mainly occur in children and might be outgrown, others persist through the 
patient’s lifetime. In recent years the number of susceptible individuals seems to be even 
increasing (Sicherer and Sampson, 2017). 
 
Few food groups that are responsible for most food allergies are usually described as the 
“Big Eight”: milk, wheat, egg, fish, soy, tree nut, crustacean, shellfish, and peanut (Burks 
et al., 2012). However, there are many other food sources that also have the potential to 
cause allergic reactions, but often only in a small number of individuals. Meat and meat 
products are an important source of proteins and they represent a mainstay of the Western 
diet. It is difficult to accurately estimate meat allergy prevalence and even though case 
reports describing reactions to mammalian or avian products have been published, only 
individual meat allergens have been identified and studies involving larger patient groups 
are still missing. Nevertheless, one specific type of meat allergy, the so-called alpha-gal-
syndrome (α-Gal), gained a lot of attention during the last years. The alpha-gal-syndrome 
represents an unusual type of allergy, where patients are first sensitized to the galactose-
alpha-1,3-galactose epitope by a tick bite and subsequently develop allergic reactions in 
response to ingestion of mammalian meat products or injection of the monoclonal antibody 
cetuximab (Wilson and Platts-Mills, 2018). 
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In contrast to plant-derived food or pollen allergens, for almost every animal-derived food 
allergen a homologous protein can be found in humans. Meat allergy, especially to 
mammalian meat sources, is a very unusual event since humans and other mammals are 
closely related species and some allergens sharing more than 50-60% sequence identity 
with human homologs have been recognized as allergens (Jenkins et al., 2007). Due to the 
relatively high sequence homology between proteins from different mammalian species, 
there is also a great potential for cross-reactivity between them, causing additional health 
risks (Chruszcz et al., 2013).  
 
Avoidance of disease-causing food remains the current standard of care, although even 
dietary restrictions might be challenging if the responsible allergen source has not yet been 
identified (Yu et al., 2018). If the allergen source is already known, the question remains to 
which extent should specific food sources be eliminated from the everyday diet due to 
possible cross-reactivity between allergens. Allergen identification and evaluation of the 
allergens’ characteristics are thus of great importance for better understanding of the 
phenomenon of meat allergy as well as for its diagnosis, avoidance, and treatment. A 
thorough characterisation of the involved allergens, also regarding their stability under 
different conditions, might additionally help to investigate how could we potentially 
modify the allergenicity of foods by their processing in industrial production or during the 
preparation of meals at home.  
 
For diagnosis of meat allergy, commercial natural allergen extracts are still widely used, 
even though it is known that they consist of undefined allergenic and non-allergenic 
compounds and that they are of poor quality. Production of allergens in their recombinant 
form could play an important role for improvement of diagnosis by obtaining more 
accurate test results, and furthermore for the development of allergen-specific 
immunotherapy or even for the production of hypoallergenic foods (Matuso et al., 2015). 
However, a detailed evaluation of the recombinant allergens and comparison of the 
recombinant allergens with their natural counterparts are crucial before these molecules 
can be considered for diagnostic and therapeutic purposes.  
 
1.1 AIM OF THE RESEARCH  
 
The objective of this work was twofold: first to identify putative meat allergens in various 
pork meat products and pork meat extracts, and second to produce these putative allergens 
in a recombinant form in bacterial expression systems. Furthermore, we planned to 
characterize the recombinant allergens regarding their biochemical and structural features 
and their allergenicity.  
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1.2 WORKING HYPOTHESES 
 
We aimed to verify the following hypotheses: 
 
- Allergenic proteins are present in processed pork meat products. 
- Food processing influences the allergenicity of pork meat proteins. 
- Produced recombinant allergens are suitable tools for further research of meat 
allergy.  
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2 LITERATURE REVIEW 
  
2.1 FOOD ALLERGY 
 
2.1.1 Definition 
 
The term food allergy describes an adverse immune response directed towards a food 
(Burks et al., 2012) and has no universally accepted definition (Schneider Chafen et al., 
2010). As suggested by the United States National Institute of Allergy and Infectious 
Diseases (NIAID) guidelines, food allergy is described as “an adverse health effect arising 
from a specific immune response that occurs reproducibly on exposure to a given food” 
(Boyce et al., 2011). This immune response is distinct from other adverse responses to 
food, such as food intolerance, pharmacologic reactions, and toxin-mediated reactions 
(Schneider Chafen et al., 2010). 
 
2.1.2 Prevalence  
 
Estimates of food allergy prevalence in Europe are approximately 0.1-3.2% for adults and 
0.1-5.7% for children (Nwaru et al., 2014). More than 170 foods have been identified as 
potentially allergenic and they contain approximately 400 proteins that are able to induce 
an adverse immune response in individuals (Boyce et al., 2010). However, the most 
common foods causing most allergic reactions are milk, wheat, egg, fish, soy, tree nut, 
crustacean shellfish, and peanut - the “Big Eight” (Burks et al., 2012). 
 
Accurate determinations of food allergy prevalence are difficult to achieve since factors 
such as variations in allergy definitions, differences in the study populations and 
methodologies, geographic variation, age, and dietary exposures influence the estimates 
(Sicherer and Samspon, 2013). The systematic review of published studies by Schneider 
Chafen et al. (2010) concluded that more than 1-2% of the US population is affected by 
food allergy. It is still unclear if the prevalence is increasing, with some reports observing a 
notable difference in the last 20 to 30 years (Sicherer and Samspon, 2017).  
 
2.1.3 Mechanisms of hypersensitivity reactions 
 
In the case of many foods, potentially allergenic proteins are already exposed to 
denaturation through different kinds of processing and cooking. Further denaturation 
happens during ingestion due to the low pH of the stomach and when degradation takes 
place by enzymes present in the gastrointestinal tract. Proteins and peptides that resist 
extreme pH conditions and degradation by enzymes and bile salts can pass through the 
epithelial barrier by means of the following mechanisms: paracellular diffusion, 
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transcytosis through intestinal epithelial cells or endocytosis by microfold cells, which 
actively contribute to phagocytosis and transcytosis of antigens (Chinthrajah et al., 2016). 
So far, it is not yet known, which mechanism is the most important for the induction of 
allergic sensitization or tolerance. It is known that patients with food allergy have 
increased gut permeability already prior exposure to the allergenic food by, for example, 
reduced tight junction integrity. However, causes for the development of the disorder are 
still not fully understood (Ventura et al., 2006).  
 
Most allergic reactions induced by food are caused by IgE-mediated hypersensitivity or 
type I reactions that manifest shortly after ingestion (Mathias et al., 2011). In healthy 
individuals, production of IgE antibodies normally occurs in response to parasite exposure, 
yet in susceptible individuals, IgEs are being synthesised in response to otherwise harmless 
foreign agents (Bannon, 2004).  
 
Upon primary exposure, allergens penetrating the gut mucosa get internalized by antigen 
presenting cells, e.g. dendritic cells. Addition of ubiquitin to the allergens in the cell 
cytosol produces a signal for their transportation to the proteasomal complex and for their 
degradation into peptide fragments, which are then presented by the major 
histocompatibility complex II (MHC II) to naive CD4+ T cells. Naive T cells differentiate 
into T helper 2 (Th2) cells and start secreting cytokines such as interleukin-4 (IL-4) and 
interleukin-13 (IL-13) that in antigen-specific B lymphocytes induce class switching to the 
production of IgE antibodies which bind to high-affinity immunoglobulin ε Fc region 
receptor I (FcεRI) on the surface of effector cells (mast cells and basophils). The outcome 
of the first encounter with an allergen is thus sensitization. Effector cells are coated with 
IgEs which subsequently makes them sensitive to activation by the following contact with 
that allergen. When secondary exposure occurs, allergens bind to IgE antibodies attached 
to the FcεRI on the surface of effector cells, they cross-link the IgE antibodies and in this 
way, an allergen-IgE-FcεRI complex is formed. This initiates a non-intrinsic tyrosine 
kinase pathway that induces Ca2+ secretion, ultimately leading to effector cell 
degranulation and release of mediators such as prostaglandins, cytokines, histamine, 
eosinophil chemotactic factor of anaphylaxis and proteolytic enzymes that cause clinical 
symptoms (Kumar et al., 2012; Abbas et al., 2015). These symptoms can be diverse, 
ranging from nausea, vomiting, abdominal cramps, diarrhea, wheezing (Carrera et al., 
2012) to adverse reactions such as urticaria, angioedema, oral allergy syndrome, acute 
rhinitis, acute asthma and even anaphylaxis (Cianferoni and Spergel, 2009). 
 
Other types of adverse reactions to food may be mediated by distinct immune responses 
such as IgG, both IgE, and IgG or in immune complex mediated reactions jointly by IgE, 
IgG and IgA antibodies. Further types of non-IgE responses can be cell mediated reactions 
or mixed adverse reactions (e.g. food-allergy-associated atopic dermatitis and eosinophilic 
gastrointestinal disorders) (Yu et al., 2018).  
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2.1.4 Diagnosis and treatment of food allergies  
 
Exposure to allergenic food components may in susceptible individuals elicit a variety of 
reactions from mildly irritating to more severe or even life-threatening, such as 
anaphylaxis (Cianferoni and Spergel, 2009). Various methods for diagnosis and treatment 
of food allergies are used today and novel approaches including recombinant allergens are 
also being exploited. Nevertheless, the first and most frequently used diagnostic technique 
remains skin prick testing. Charles Blackley utilized it in 1865 when he applied grass 
pollen grains on a scraped surface of the skin, which led to an extensive cutaneous 
response. Skin testing by the introduction of allergen extracts to the pricked skin and its 
variations has since then remained a routine test for confirmation of allergic response. It is 
quick and enables simultaneous evaluation of multiple allergens (Oppenheimer and 
Nelson, 2006). In addition to clinical history, evaluation and skin prick testing, an NIAID-
sponsored expert panel suggested double-blind placebo-controlled food challenge as the 
gold standard (Sathe et al., 2016).  
 
There are several treatment possibilities for allergic individuals ranging from the simple 
exclusion of food products from daily diets to longer lasting solutions. In food allergy, 
ingested allergens can cause mast cell degranulation that results in increased peristalsis. 
Symptoms like this can be treated with different drugs, for example, antihistamines (Abbas 
et al., 2015). Immunotherapy is another approach where gradually increasing 
concentrations of allergen extracts are being administered with the aim of desensitization 
and thus preventing the occurrence of allergic symptoms. Furthermore, immunotherapy 
can result in tolerance or clinical non-reactivity to the specific allergen source (Schneider 
Chafen et al., 2010). It is nevertheless rarely used in food allergy treatments due to high 
risk of causing anaphylactic side effects (Wai et al., 2017). Nowadays the use of 
recombinant proteins, mutated recombinant proteins, peptide vaccines, and anti-IgE 
antibodies have as well been considered for the treatment of food allergies and are being 
further investigated to verify their safety and efficacy. Avoidance, for the moment, remains 
the most widely applicable strategy for the treatment of food allergy (Boyce et al., 2010).  
 
2.1.5 Allergen characteristics  
 
Food allergens have some common physicochemical properties that differentiate them 
from non-allergenic food components. However, not all characteristics are unique for 
potent allergens and often the route of allergen entry also contributes to the development of 
an allergic response (Pekar et al., 2018). The most crucial characteristic of an allergen is its 
allergenicity, regarded as the capability of a protein to induce IgE antibody production 
(Aalberse, 2000). It is affected by physical characteristics such as size, solubility (Huby et 
al., 2000), compactness of the overall fold and stability (thermal stability and resistance to 
proteolytic digestion) and immunologic properties like affinity to the IgE antibodies and 
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epitope valence (Aalberse, 2000). In the case of food allergy, the impact of food processing 
and food matrix is also important (Jiménez-Saiz et al., 2014; Nowak-Wegrzyn and Fiocchi, 
2009). 
 
2.1.5.1 IgE binding capacity 
 
Most allergens are proteins with high-affinity IgE-binding epitopes that are recognized by 
IgE antibodies. IgE-binding epitopes can be classified as linear (sequential) or 
conformational. In allergens with linear epitopes, only the primary amino acid sequence is 
needed for IgE binding, whereas in case of conformational epitopes the secondary or 
tertiary structure play an important role in the formation of the epitopes. It is thought that 
conformational epitopes are more common in aeroallergens whereas linear epitopes are 
more important in food allergy. Upon ingestion, food allergens are exposed to digestion 
and are possibly denatured within the gastrointestinal tract before they encounter immune 
cells (Bannon, 2004), therefore it is expected that only linear epitopes remain. 
Nevertheless, conformational epitopes have also been described in food allergens (e.g. Ara 
h 1, a major peanut allergen, and other peanut allergens) (Matsuo et al., 2015). It has 
furthermore been suggested that all protein epitopes are conformational to some extent and 
that epitope categorization between linear and conformational bears little relevance, as it 
also must be considered that even in immunoblot analysis many blotted proteins may 
refold extensively after removal of sodium dodecyl sulphate (Aalberse, 2000).  
 
2.1.5.2 Cross-reactivity 
 
Immunological cross-reactivity occurs due to IgE antibodies that have developed in 
response to one antigen and cross-react with another structurally related antigen. Cross-
reactivity is often observed in food allergy, especially when the sensitizing and cross-
reactive antigen are from taxonomically closely related species and have highly similar 
amino acid sequences with common linear epitopes (Bonds et al., 2008). It has been 
suggested that proteins with at least 35% identity within an 80 amino acid long sequence or 
with 6 identical consecutive amino acids may be cross-reactive (FAO/WHO, Evaluation of 
allergenicity…, 2001). On the other hand, Goodman (2006) reported that cross-reactive 
proteins of significant clinical relevance share at least 50-70% amino acid sequence 
identity.  
 
Cross-reactivity between albumins from different mammalian species that can be both, 
food and respiratory allergens, has often been observed. The basis for it is most likely in 
more than 70% sequence identity between albumins (Chruszcz et al., 2013). Nevertheless, 
conformational epitopes can also represent cross-reactive epitopes due to similar structural 
features (Aalberse, 2000). Cross-reactivity can theoretically also be expected among other 
8 
Marin Ž. Characterization of allergens in meat products. 
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2019 
meat proteins and can be responsible for the limitations of food allergy diagnosis as it may 
cause false positive or negative results. The phenomenon of cross-reactivity is furthermore 
important in allergy treatment when avoidance is suggested because it needs to be 
determined to which extent different food sources should be excluded from the diet. By 
restricting every potentially cross-reacting food from the diet, an unnecessarily strict 
regime might be prescribed (Bonds et al., 2008).  
 
2.1.5.3 Structure  
 
The secondary and tertiary structure of allergens have been described as allergen 
characteristics that determine allergenic activity and could thus be a useful tool for allergen 
prediction. Approximately 40 allergenic proteins and fragments of which the structure is 
known or can be predicted based on homology, showed that these allergens can be 
classified into 4 structural families: antiparallel β-strands, antiparallel β-sheets intimately 
associated with one or more α-helices, (α+β) structures, in which the α- and β-structural 
elements are not intimately associated and α-helices (Aalberse, 2000). Aalberse (2000) 
however concluded that the ability of allergens to reach and stimulate immune and mast 
cells is the only crucial structural characteristic feature of allergens regardless of whether 
the allergen can be categorized in one of the structural families or not.  
 
The three-dimensional structure of allergens can be determined by high-resolution methods 
such as X-ray crystallography and nuclear magnetic resonance (NMR) analysis (Gajhede et 
al., 1996). However, these methods require long analysis times and large sample volumes. 
Circular dichroism (CD) analysis can provide sufficient first information about the 
secondary structure of proteins, their folding, and structural behaviour when exposed to 
different conditions. Circular dichroism is an optical phenomenon of polarized light 
interacting with optically active groups – polypeptide backbone amide bonds and aromatic 
side chains in proteins. Depending on the absorption coefficients for left- and right-
circularly polarized light, a difference can be measured depending on the wavelength that 
results in a CD spectrum. Wavelengths below 260 nm give information of far UV-spectra 
of amide bonds. As a result, the overall secondary structure of proteins in solution can be 
evaluated (Verdino and Keller, 2004).  
 
2.1.5.4 Thermal stability  
 
Industrial processing and domestic preparation of meat products normally include a 
heating step. Cooking can modify or eliminate heat-labile allergens, but some patients 
show reactivity to cooked products as well. IgE antibodies of these patients either react 
with heat-stable proteins that regain their three-dimensional structure, new epitopes that are 
formed during cooking or they recognize linear epitopes (Fiocchi et al., 2004).  
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The melting temperature is specific for an individual protein and temperatures above the 
melting temperature cause its unfolding. Heating may also result in the formation of 
intermolecular disulphide bonds that promote aggregation. This and other types of 
structural changes can cause decreased protein solubility as well as increased thermal 
stability (Tornberg, 2005). In general, high temperature decreases protein allergenicity in 
case of conformational epitopes due to protein denaturation whereas linear epitopes remain 
preserved (Nowak-Wegrzyn and Fiocchi, 2009). On the other hand, aggregation may 
reduce the absorption and transport of the allergens through the mucosal layer, which 
might explain why some subjects tolerate well cooked foods but cannot eat the same 
product in its raw form (Wai et al., 2017).  
 
2.1.5.5 Digestibility 
 
Food allergens must remain stable through the gastric phase of digestion in order to reach 
the intestinal mucosa where they are absorbed and can induce sensitization, whereas most 
non-allergenic proteins get digested when exposed to the gastric and intestinal fluid. It has 
been concluded that proteins must be able to preserve their structure, with a significant part 
of the allergen remaining intact or immunologically active by resisting bile salts, low pH 
conditions, and proteolysis. Since the first assessment of food allergen stability to in vitro 
digestion by Astwood et al. in 1996, many gastrointestinal digestion models have been 
used to test digestibility of proposed allergens, especially evaluating resistance to pepsin 
digestion using simulated gastric fluid (SGF). Retaining stability under these conditions 
was regarded as a common characteristic of allergens. One example in the early Astwood 
et al. study (1996) was the stability of the soybean allergen β-conglycinin as compared to 
the non-allergenic spinach ribulose bis-phosphate carboxylase/oxygenase. The soybean 
protein retained stability up to 60 minutes in a simulated gastric fluid in comparison to the 
spinach protein that was digested within 15 seconds. Opposing opinions have emerged 
when it was shown that milk caseins that are pepsin sensitive and are resisting pepsin 
digestion only up to 2 minutes still manage to induce sensitization in the gastrointestinal 
tract. Afterwards, multi-phase digestion systems were developed to mimic the path of food 
from stomach on to the gut and were either static or dynamic, with the latter providing 
peristaltic movements and even including the process of mastication (Moreno, 2007).  
 
To avoid producing incomparable data following in-house established procedures, a 
standardized INFOGEST protocol for a static food in vitro digestion method was proposed 
in 2014 by Minekus et al. It includes a detailed description of reagents and used 
concentrations, sampling times and conditions and considers all physiologically relevant 
parameters.  
 
Human nutritional studies are still regarded as the most reliable methods for diet related 
investigations. However, they are expensive, time consuming and pose ethical questions 
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(Minekus et al., 2014). In vitro models must thus mimic physiological processes as closely 
as possible, starting with pre-processing by mastication and swallowing. Furthermore, they 
must include multiple phases of stomach and intestine conditions that provide a 
physiological concentration of enzymes. To asses, if allergen fragments remain stable 
enough throughout the digestion process to retain IgE binding capacity, assays exploiting 
IgE recognition capabilities can be performed (Moreno, 2007).  
 
2.2 MEAT ALLERGY 
 
Cases of beef, pork, lamb and even kangaroo (Bourne et al., 2005), seal and whale (Moore 
et al., 2007) allergies have been reported in the past. 
 
According to the Food and Agricultural Organisation of the United Nations (FAO), global 
meat consumption has significantly increased over time. Between 1990 and 2009 there was 
an approximately 20% increase in global pork meat consumption per capita (Henchion et 
al., 2014). Whereas meat allergy is not a common disease, the number of allergic 
individuals is increasing and reactions to mammalian meat seem to occur more often than 
those to avian meat (Wilson and Platts-Mills, 2018). The prevalence of allergic reactions to 
different kinds of meat has been reported to be 73% for beef, 71% for lamb, 58% for pork 
and 41% for chicken meat in a study of 57 meat allergic patients in the USA (Ayuso et al., 
1999). Prevalence can furthermore be higher in individuals allergic to related food 
components from the same animal source such as in report of Werfel et al. (1997) where 
20% of cow’s milk allergic children showed susceptibility to beef meat presumably due to 
occurrence of bovine serum albumin, an identified beef allergen in both milk and meat.  
 
So far, only one allergen from pork meat has been listed by the World Health 
Organization/International Union of Immunological Societies (WHO/IUIS) – serum 
albumin from domestic pig (Sus scrofa), named Sus s 1, which was submitted by Hilger in 
2015 (allergen.org, WHO/IUIS, 2018). Other meat allergens from representative 
mammalian and avian meat sources comprise Bos d 6 (bovine serum albumin), Bos d 7 
(bovine immunoglobulin), Gal d 5 (chicken serum albumin), Gal d 7 (chicken myosin light 
chain), Gal d 8 (chicken α-parvalbumin), Gal d 9 (chicken β-enolase) and Gal d 10 
(chicken aldolase) (Wilson and Platts-Mills, 2018; allergen.org, WHO/IUIS, 2018).  
 
Allergens are usually proteins and rarely other molecules, which makes carbohydrate 
galactose-α-1,3-galactose-mediated meat allergy an interesting phenomenon. It was first 
reported in 2008 following the application of the therapeutic monoclonal antibody 
cetuximab- It is a humanized antibody that also contains oligosaccharides, such as 
galactose-α-1,3-galactose, which is able to elicit an allergic reaction (Chung et al., 2008). 
Sensitization is in this case believed to be triggered by tick bites. Subsequently, upon 
injection of cetuximab or ingestion of beef, pork, and lamb meat, anti-α-gal IgE antibodies 
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can cause anaphylaxis, which is delayed as it occurs several hours after meat ingestion 
(Commins et al., 2009).  
 
Allergy to pork meat generally arises in association with an allergy to other mammalian 
meat or in the form of the cat-pork syndrome. The cat-pork syndrome is a cross-reactive 
disorder where primary sensitization to the aeroallergen cat serum albumin from cat dander 
causes cross-sensitization to porcine serum albumin ingested with the meat. They are both 
recognized by patients’ IgE antibodies due to the high cross-reactivity between the proteins 
(Hilger et al., 1997). 
 
Domínguez-Ortega et al. (2009) were the first to prove IgE-mediated allergy to raw pork 
by identifying pork serum albumin as the allergenic protein responsible for patient’s 
clinical symptoms after ingestion of cured ham, a pork meat product. It has also been 
reported that even cooked and roasted pork meat retain allergic epitopes that are able to 
induce IgE-mediated food allergy. However, other meat allergens have not yet been 
identified or confirmed neither in pork meat nor in pork meat products (Atanasković-
Marković et al., 2002).  
 
2.2.1 Meat allergens 
 
2.2.1.1 Serum albumin 
 
Albumins are multifunctional proteins and represent the most abundant blood plasma 
proteins involved in osmotic pressure regulation, transportation of molecules and buffering 
pH. They are widely distributed in the body of all mammals as they can cross the capillary 
epithelial cells by transcytosis and can in this way get into many different tissues such as 
the mammary glands or the muscles (Liccardi et al., 2011). They are α-helical proteins 
with a molecular weight of approximately 70 kDa and have sequences and conformation 
highly conserved among both mammal and bird species (Chruszcz et al., 2013).  
 
Serum albumin is well known as an inhalant allergen present in pelts and bird feathers. It is 
also involved in food allergies and can be regarded as a pan-allergen in meat allergies as it 
is present in different animal-derived foods (eggs, milk, meat) (Liccardi et al., 2011). There 
are more than 25 serum albumins from various species recognized as potential allergens 
with 7 of them registered by the WHO/IUIS – Bos d 6 (bovine), Can f 3 (dog), Cav p 4 
(guinea-pig), Fel d 2 (cat), Sus s 1 (pig), Gal d 5 (chicken) and Equ c 3 (horse) 
(allergen.org, WHO/IUIS, 2019). Many serum albumins are cross-reactive due to high 
similarities of protein sequences (Spitzauer et al., 1995). Since their sequences are so 
similar to the sequence of human serum albumin, it is surprising that they have the 
capability to sensitize individuals at all (Chruszcz et al., 2013). Serum albumins are 
important food as well as respiratory allergens in avian species, where they are responsible 
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for the bird-egg syndrome (Hemmer et al., 2016) and in mammals, where they can cause 
the cat-pork syndrome (Hilger et al., 1997). In both cases, primary sensitization occurs due 
to an aeroallergen exposure and cross-reaction follows when eggs or meat are ingested. 
 
2.2.1.2 Myosin light chain 
 
Myosins represent a superfamily of muscle motor α-helical proteins responsible for 
interaction with actin and adenosine triphosphate hydrolyzation creating a contractile force 
that enables movement. Myosins are hexamers, of a size of approximately 500 kDa, 
composed of two identical heavy chains constituting the head and tail domains and two 
pairs of light chains that bind to the heavy chains (Sellers, 2000). The light chains are 
referred to as an essential myosin light chain that enables enzymatic activity and a 
regulatory light chain that is involved in its regulation (Heissler and Sellers, 2014). Myosin 
represents about 5% of the muscle and 26% of all muscle proteins (Kauffman, 2012). 
Myosin light chain 1 and 3 are two isoforms of essential light chains occurring in fast-
twitch skeletal muscles with molecular weights of approximately 20-25 kDa (Montowska 
and Pospiech, 2011).  
 
Myosin light chain is not yet well established as a food allergen. It has been first identified 
as a Litopenaeus vannamei shrimp allergen Lit v 3 by Ayuso et al. in 2008 followed by 
additional identification in shrimp and lobster species. Another example is Gal d 7, a 
chicken myosin light chain 1 identified by Klug et al. in 2013. 
 
2.2.1.3 Parvalbumin 
 
Parvalbumins are muscle proteins that belong to the EF-hand calcium-binding protein 
family. Parvalbumins can be further grouped into α- and β-parvalbumins which both have 
similar folds. The latter are mainly found in fish muscles, but not in mammalian muscles, 
whereas α-parvalbumins are also present in the fast twitch muscles of birds and mammals 
(Jenkins et al., 2007). Parvalbumins have a molecular weight of approximately 12 kDa and 
they play a role in calcium buffering and muscle relaxation processes (Heizmann et al., 
1982). Parvalbumins comprise 3 EF-hand motifs. Each of them consists of a 12-residue 
long loop flanked by 12-residue long α-helical domains. Two of these EF-hand motifs are 
functional and responsible for binding calcium and the third one is forming a cap covering 
their hydrophobic surface (Breitender and Mills, 2015).  
 
Parvalbumins are the most potent fish allergens and have been detected in various fish 
species, from carp, cod, herring, mackerel, to tuna, salmon, trout, and others. After 
sensitization and subsequent ingestion or inhalation, they can elicit adverse reactions. They 
are highly stable when heated or digested by enzymes, especially due to the calcium and 
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magnesium binding that stabilizes them. This stability might be important for the 
allergenicity of parvalbumins (Kuehn et al., 2014). Up to date, parvalbumin was mentioned 
as a potential mammalian meat allergen once, in a case report of a woman allergic to 
chicken meat with IgE reactivity to muscle α-parvalbumin and additional cross-reactivity 
to homologous proteins from pig, horse, and cattle, but not to fish β-parvalbumins (Kuehn 
et al., 2009).  
 
2.2.2 Meat products and their processing 
 
Meat products’ composition varies depending on the meat product, with two main meat 
components contained in the products, namely muscle, and fat. Muscle on average consist 
of 1% ash (potassium, phosphorus, sodium, chlorine, magnesium, calcium and iron), 1% 
carbohydrates (glycogen antemortem and lactic acid post-mortem), 5% lipid, 21% 
nitrogenous compounds (predominantly proteins) and 72% water and can vary 
considerably due to the extent of lipid accumulation. On the other hand, fat on average 
contains less than 0.5% of ash and carbohydrates, 1% of nitrogenous compounds 
(primarily proteins), 9% water and 90% lipids (Kauffman, 2012).  
 
There is a variety of pork meat products available to the consumers, where different 
processing methods have been applied during their production. These processes ensure 
product stability by inhibiting pathogen growth, but they also have an influence on the 
colour or flavour of the meat product. During the preparation of the products, various 
processing methods may be used. These methods can certainly also have an effect on meat 
proteins. Product preparation usually involves one or a combination of the following steps: 
chopping, grinding, mixing, stuffing, forming, drying, curing, smoking and fermenting.   
 
Drying is probably the oldest way of meat preservation with water being removed from the 
meat by evaporation, causing a decrease in the growth of microorganisms and achieving 
development of texture and aroma. It is nowadays performed in dry and ventilated rooms 
providing appropriate air circulation (Zukál and Incze, 2010).  
 
Curing is applied to enhance the shelf life of meat by preserving and preventing spoilage 
by addition of salt (sodium chloride) with or without nitrite and/or nitrate during the 
manufacturing process. Prosciutto is an example of dry or dry-cured whole muscle product 
that is treated with salt (Honikel, 2010). Hams are processed from raw meat with added 
salt to prevent spoilage. The only denaturing factor present is thus salt rubbed into the 
product during production that causes enzyme activity to gradually drop (Larrea et al., 
2006).  
 
Smoking is traditionally performed using natural wood under controlled temperature and 
humidity conditions. The temperature in the centre of the product should not rise above 30 
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°C. The main goal of the process is to achieve altered flavour, odour, and colour (Fischer, 
2006). Bacon is a cured and smoked product made from raw pork belly. It is heat treated 
but not thoroughly cooked (Sheard, 2010). 
 
Fermentation is a bacterial process achieved by adding starter cultures to the meat that 
produce lactic acid and enable pathogen control due to lowering pH and initiating the water 
release from the proteins. This furthermore empowers the drying process and additional 
inhibition of microbial growth in the final product (Paramithiotis et al., 2010). The high 
microbiological activity of the starter cultures results in the degradation of muscle proteins 
into shorter peptides. An example of fermented products are sausages that are made of up 
to 50% fat and ground meat ingredients with added starter cultures stuffed into casings. 
Another example is salami which is a type of dry sausage (Zukál and Incze, 2010).  
 
The processing procedures that have been reported to influence the allergenic properties of 
proteins are thermal processing or heating, fermentation, and endogenous enzymatic 
hydrolysis, enzymatic and acid hydrolysis, physical processing (high pressure treatment), 
use of preservatives, changes in pH or combinations of all mentioned (Verhoeckx et al., 
2015).  
 
The range of temperatures that is applied during the production together with the addition 
of salts and changes in pH could have an effect on proteases. This is the reason why most 
of the proteolytic enzymes may get inactivated, thus slowing down protein degradation. 
 
However, allergen and epitope destruction is not the primary aim of food processing 
procedures. By processing one can achieve stabilization and preservation of proteins on 
one hand and an increase of their digestibility on the other. Food products treated by a 
certain technique can thus not always be considered as safe for an allergic consumer 
(Fiocchi et al., 2004). We must also consider that further processing takes place in 
households where in many cases, food products are frozen when stored and additionally 
prepared by cutting, cooking, roasting, baking or other procedures.  
 
2.3 RECOMBINANT ALLERGENS 
 
Cloning and allergen expression in a heterologous host have opened new possibilities in 
allergy research and enabled new approaches for allergy diagnosis and immunotherapy. 
First allergen-encoding cDNAs from hornet venom (Fang et al., 1988), birch (Breitender et 
al., 1989), and house dust mites (Chua et al., 1988) were cloned in 1988 and 1989. They 
mark the beginning of molecular allergology. Fel d 1 or domestic cat serum albumin was 
the first recombinantly produced animal allergen (Morgenstern et al., 1991) and since then 
hundreds have followed. In literature, we can find examples of other recombinantly 
expressed meat allergens, such as chicken myosin light chain 1 (Klug et al., 2013).  
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2.3.1 Expression systems 
 
Recombinant proteins can be produced in a variety of expression systems, from bacteria 
and yeast to mammalian cells and transgenic plants. The ideal expression system is the one 
that allows producing the allergen with features comparable to the features of the natural 
allergen. Microbial systems are however regarded as the most convenient platforms with 
Escherichia coli representing the most frequently used organism. Appropriate expression 
vectors can easily be introduced into E. coli cells and the bacteria grow fast in an 
inexpensive medium. However, it must be considered, that eukaryotic post-translational 
modifications are not possible and that eukaryotic proteins expressed in E. coli often form 
inclusion bodies, making it difficult to purify the proteins under native conditions (Singh 
and Bhalla, 2006).  
 
2.3.2 Protein production and purification in Escherichia coli 
 
cDNA inserts coding for different allergens can be ligated into expression plasmids (for 
example pET-based expression vectors) combined with a tag that enables easy purification. 
After protein expression cells are harvested by centrifugation, cell pellets undergo freezing 
and thawing cycles that enable cell disruption and protein release from the cells. For 
protein purification, either soluble or insoluble protein fraction can be collected, depending 
on the characteristics of the target protein. When using 6x His-tags, protein isolation can be 
performed using Ni2+ columns which bind histidine residues on the proteins of interest 
(Young et al., 2012). If the protein needs to be isolated from insoluble fraction, urea is 
usually added as a denaturing agent and proteins must be refolded afterwards. Poly-His 
tags can significantly affect aggregate formation due to their hydrophobic nature, however, 
for most proteins, fusion to poly-His tags retained their structure and function (Wallner et 
al., 2004).  
 
2.3.3 Recombinant allergen characterization 
 
To verify if recombinantly produced allergens resemble the naturally occurring allergens, 
thorough characterization and evaluation of the recombinant allergens must be performed. 
For biochemical and biophysical characterization, SDS-PAGE, immunoblotting with 
allergen specific antibodies and CD measurements can be done. For immunological 
characterization in vitro IgE binding analysis, as well as T cell reactivity and effector cell 
degranulation can be performed (Wallner et al., 2004).  
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2.3.4 Potential use  
 
Allergens produced in a recombinant way can be used in in vitro tests to achieve a precise 
diagnosis that is fast and convenient (Curin et al., 2017). Recombinant production offers 
standardization possibilities that enable easier quality control and achievement of higher 
purity compared to the often poor quality and homogeneity of natural allergens in the 
extracts (Valenta et al., 2001). Moreover, recombinant proteins can be part of preventive 
and treatment strategies also in case of food allergies, since avoidance remains the only 
option for many food allergic individuals. Accidental ingestion, however, is not uncommon 
and the need for safe and efficient treatments is thus immense (Wai et al., 2017). Vaccines 
based on recombinant allergens and their derivatives or synthetic peptides are currently 
being tested in clinical trials (Curin et al., 2017). Allergen-specific immunotherapy could 
enable desensitization and attain oral tolerance. Due to the high probability of anaphylaxis 
occurring as a side effect in food allergy treatments, modified hypoallergens or conjugated 
molecules may be used instead of unmodified ones (Wai et al. 2017).  
 
In conclusion, recombinant allergen production is important for further allergy research, 
diagnostic applications and potential treatment. Recombinant allergens also have the 
potential to replace allergen extracts in diagnosis and therapy. 
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3 MATERIAL AND METHODS 
 
3. 1 MATERIAL 
 
3.1.1 Meat products  
 
Various pork meat products including salami, bacon, prosciutto, blood sausage, liver 
sausage, ham and “extra” sausage, as well as a piece of raw pork skeletal muscle meat 
were purchased in a local butcher’s shop. Proteins were extracted as described in chapter 
3.2.1. 
 
3.1.2 Meat allergic patients’ sera 
 
Sera from patients that presented episodes of an allergic reaction after mammalian meat 
ingestion and had positive results to red meat in skin prick and serological tests were 
obtained from the La Paz Institute for Health Research (Madrid, Spain). In different 
experiments, pools of several sera were used. 
 
3.1.3. Equipment  
 
Table 1: Equipment 
Preglednica 1: Oprema 
Method Instrument Manufacturer 
Agarose electrophoresis  AlphaImager MINI Cell Biosciences, Palo Alto, 
California 
HE33 mini horizontal submarine unit GE Healthcare Life Science, 
Chicago, Illinois 
LKB – EPS 500/400 electrophoresis 
power supply 
Pharmacia, Newcastle Upon Tyne, 
UK 
UV Transilluminator UVP, Analytik Jena, Upland, 
California 
Bacteria cultivation Certomat BS-1 Incubator Sartorius Stedim Biotech, 
Göttingen, Germany 
Certomat IS Incubator Sartorius Stedim Biotech, 
Göttingen, Germany 
Incu-Line Incubator VWR, Radnor, Pennsylvania 
Incucell Incubator MMM Medcenter, Planegg, 
Germany 
OD measurements Spectronic Genesys 6 UV-Visible 
Spectrophotometer 
Thermo Fischer Scientific, 
Waltham, Massachusetts 
SDS-PAGE and 
Immunobloting 
FluorChem E Digital Darkroom ProteinSimple, San Jose, 
California 
Mini-Protean Tetra Cell Biorad, Hercules, California 
PowerPac™ Power Supply Biorad, Hercules, California 
DNA content 
measurements 
DS-11 Spectrophotometer DeNovix, Wilmington, Delaware 
  Continued 
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Continuation of Table 1  
Method Instrument Manufacturer 
Protein extraction Sonoplus ultrasonic homogenizer HD 
2070 
Bandelin Electronic, Berlin, 
Germany 
Sorvall RC 6+ Centrifuge  Thermo Fischer Scientific, 
Waltham, Massachusetts  
Protein concentration 
determination 
U-2 Spectrophotometer Hitachi, Tokyo, Japan 
In vitro digestions Thermolab 1083 Shaking water bath GFL, Hannover, Germany  
Generally used 
equipment 
Arium pro VF Ultrapure water system Sartorius, Göttingen, Germany 
 CP64 Balance Sartorius, Göttingen, Germany 
 440-49N Balance Kern&Sohn, Balingen, Germany 
 5415 R Centrifuge Eppendorf, Hamburg, Germany 
 5424 Centrifuge Eppendorf, Hamburg, Germany 
 HI 2211 pH/ORP Meter Hanna Instruments, Woonsocket, 
Rhode Island 
 HI 221 Calibration check pH meter  Hanna Instruments, Woonsocket, 
Rhode Island 
 Heraeus Labofuge 400 R Centrifuge Thermo Fischer Scientific, 
Waltham, Massachusetts 
 S1 Pipette filler Thermo Fischer Scientific, 
Waltham, Massachusetts 
 Discovery comfort Pipettes HTL, Warsaw, Poland  
 Rocking platform VWR, Radnor, Pennsylvania 
 MR 3001 Magnetic stirrer Heidolph instruments, Schwabach, 
Germany 
 SB3 Stuart rotator Cole-Parmer, Vernon Hills, Illinois 
 Varioklav 135 Autoclave Thermo Fischer Scientific, 
Waltham 
 Thermomixer Compact Eppendorf, Hamburg, Germany 
 ThermoStat plus Eppendorf, Hamburg, Germany 
 
Table 2: Consumable material 
Preglednica 2: Potrošni material 
Material Article number Manufacturer 
Amersham™ Protran™ 0.2 µm 
Nitrocellulose Blotting Membrane 
10600001 GE Healthcare Life Science, 
Chicago, Illinois 
Amicon® Ultra Centrifugal Filters – 3K UFC 900324 Merck Millipore, Burlington, 
Massachusetts 
Chromabond® columns 6 mL 730161 Machery-Nagel, Düren, 
Germany 
Filtropur S 0.45µm 83.1826 Sarstedt, Nümbrecht, 
Germany 
Rotilabo®-Blotting papers, thick, 0.35 
mm 
CL67 Carl Roth, Karlsruhe, 
Germany 
Rotilabo®-single-use cells, PS XK20 Carl Roth, Karlsruhe, 
Germany 
Slide-A-Lyzer® Dialysis Cassettes 
3,500 MWCO 
66330, 66110 Thermo Fischer Scientific, 
Waltham, Massachusetts  
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3.1.4 Reagents and solutions 
 
Table 3: Chemicals for the preparation of solutions 
Preglednica 3: Kemikalije za pripravo raztopin 
Chemical Article number Supplier 
Acetic acid 3738 Carl Roth 
Agar-Agar 5210 Carl Roth 
Agarose 840004 Biozym 
Albumin standard 23209 Thermo Fischer Scientific 
Ammonium peroxydisulphate (APS) 9592 Carl Roth 
Ampicillin sodium salt A6352 AppliChem 
2-Mercaptoethanol 4227 Carl Roth 
Bis-Tris B9754 Sigma Aldrich 
Boric acid 6943 Carl Roth 
Calcium chloride dihydrate 102382 Merck Millipore 
Ethylenediamine tetraacetic acid (EDTA) 11278 Serva 
Glycerine 7530 Carl Roth 
Glycine 101196X Carl Roth 
Hydrochloric acid fuming 37% (HCl) X942 Carl Roth 
Imidazole I0125 Sigma Aldrich 
Isopropyl-β-D-thiogalactopyranosid (IPTG) 2316 Carl Roth 
Magnesium chloride hexahydrate 105833 Merck Millipore 
Methanol (MeOH) 8388 Carl Roth 
Peptone 8986 Carl Roth 
Potassium chloride (KCl) 6781 Carl Roth 
Potassium hydrogen phosphate (KH2PO4) 3904 Carl Roth 
Protino Ni-NTA Agarose 745400 Machery-Nagel 
Rotiphorese® Gel 40 (29:1) A515 Carl Roth 
Serum from human albumin (HAS) A1653 Sigma Aldrich 
Sodium chloride (NaCl) 3957 Carl Roth 
Sodium dodecyl sulphate (SDS) A7249 AppliChem 
Sodium hydrogen carbonate (NaHCO3) 106329 Merck Millipore 
Sodium hydroxide (NaOH) 6771 Carl Roth 
5-Sulfosalicylic acid dihydrate 800691 Merck Millipore 
N,N,N',N'-Tetramethylethylenediamine, 1,2-
Bis(dimethylamino)-ethane (TEMED) 
2367 Carl Roth 
Trichloroacetic acid (TCA) 3744 Carl Roth 
Tris 4855  Carl Roth 
Triton X 100 3051 Carl Roth 
Tween 20 9127 Carl Roth 
Yeast extract 2904 Carl Roth 
 
Table 4: Commercial kits, enzymes, buffers, and molecular size markers 
Preglednica 4: Komercialno dostopni kompleti, encimi, pufri in označevalci 
Method Kit/Marker/Enzyme Article number Manufacturer 
Agarose electrophoresis Atlas ClearSight DNA Stain BH40501 Bioatlas, Tartu, 
Estonia 
GeneRuler DNA Ladder Mix #SM0331 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
 6X Loading Dye #R0611 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
   Continued 
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Continuation of table 4 
Method Kit/Marker/Enzyme Article number Manufacturer 
Cloning 10X Buffer R #BR5 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
10X Buffer Tango (with BSA) #BY5 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
dNTP Set #R0181 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
DMSO F-515 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
NdeI #ER0585 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
XhoI #ER 0691  Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
Pig Skeletal Muscle cDNA  PD-102 Zyagen, San Diego, 
California 
Pfu 10X Buffer M776A Promega, Madison, 
Wisconsin 
Pfu DNA Poly M774B Promega, Madison, 
Wisconsin 
NucleoSpin® Gel and PCR Clean-
up 
740609.250 Machery-Nagel, 
Düren, Germany 
Immunoblotting SuperSignal™ West Pico PLUS 
Chemiluminescent Substrate 
34580 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
In vitro digestion Bile extract porcine B8631 Sigma Aldrich, St. 
Louis, Missouri 
α- Chymotrypsin from bovine 
pancreas 
C4129 Sigma Aldrich, St. 
Louis, Missouri 
Pefabloc (4-(2-Aminoethyl) 
benzenesulfonyl fluoride 
hydrochloride) 
76307 Sigma Aldrich, St. 
Louis, Missouri 
Pancreatin from porcine pancreas P7545 Sigma Aldrich, St. 
Louis, Missour 
Pepsin from porcine gastric 
mucosa 
P6887 Sigma Aldrich, St. 
Louis, Missouri 
Trypsin from bovine pancreas T8003 Sigma Aldrich, St. 
Louis, Missour 
Plasmid purification NucleoBond® Xtra Midi  740410.50 Machery-Nagel, 
Düren, Germany 
Protein concentration 
determination 
Coomassie Plus (Bradford) Assay 
Kit 
23236 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
Micro BCATM Protein Assay Kit 23235 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
SDS-PAGE PageRuler™ Prestained Protein 
Ladder 
#26616 Thermo Fischer 
Scientific, Waltham, 
Massachusetts 
 
21 
Marin Ž. Characterization of allergens in meat products. 
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2019 
Table 5: Antibodies 
Preglednica 5: Protitelesa 
Antibodies Dilution Article number Manufacturer 
Goat anti pig serum 
albumin 
1:10.000 ab112991 Abcam, Cambridge, UK 
Donkey anti goat IgG 
HRP 
1:1.000.000 ab97110 Abcam, Cambridge, UK 
Goat anti rabbit IgG 
HRP 
1:10.000 PI-1000-1 Vector Laboratories, 
Burlingame, California 
Mouse anti parvalbumin 1:10.000 P3088 Sigma Aldrich, St. 
Louis, Missouri 
Goat anti mouse IgG 
(H+L) HRPO 
1:10.000 115-035-003 Jackson labs, Bar 
Harbor, Maine 
Mouse anti human IgE 
Fc-HRP 
1:5.000 9160-05 Southern Biotech, 
Birmingham, Alabama 
 
Table 6: Solutions and reagents  
Preglednica 6: Raztopine in reagenti 
Method Solution Composition 
Protein extraction PBS 18 g/L Na2HPO4.2H2O, 3 g/L KH2PO4, 
81.84 g/L NaCl - 5 M NaOH to pH 7.4, 
autoclaved; diluted 1:10 with ultrapure 
water to obtain working solution 
SDS-PAGE Stacking (upper) gel buffer 60.6 g/L Tris, 10 g/L SDS - 2 M HCl to pH 
6.8 
 Resolving (lower) gel buffer 187 g/L Tris, 10 g/L SDS - 2 M HCl to pH 
8.8 
 Resolving gel (12%) (for 1 gel) 2.10 mL ultrapure water, 1.50 mL 
40% Acrylamide mix, 1.35 mL lower buffer, 
0.05 mL 10% APS, 0.002 mL TEMED 
 
 Resolving gel (15%) (for 1 gel) 1.72 mL ultrapure water, 1.88 mL 
40% Acrylamide mix, 1.35 mL lower buffer, 
0.05 mL 10% APS, 0.002 mL TEMED  
 
 Stacking gel (for 1 gel) 0.72 mL ultrapure water, 0.13 mL 
40% Acrylamide mix, 0.14 mL upper buffer, 
0.01 mL 10% APS, 0.001 mL TEMED 
 
 Sample buffer (Laemmli, 4x) (for 100 mL) 0.756 g Tris base, 2.3 g SDS, 
10 mL Glycerin, 5 mL 2-Mercaptoethanol, 
2.5 mL Bromophenol blue solution, 
ultrapure water – pH 6.8 
 Electrophoresis (running) buffer 250 mM Tris, 2 M Glycine, 1% (w/v) SDS – 
30.3 g/L Tris, 144.1 g/L Glycine, 10 g/L 
SDS – diluted 1:10 with ultrapure water to 
obtain a working solution 
 Fixing solution 50% (v/v MeOH, 10% (v/v) Acetic acid, 100 
mM Ammonium acetate 
 Coomassie staining solution 1.25 g Coomassie brilliant blue, 450 mL 
isopropanol, 100 mL Acetic acid, 450 mL 
ultrapure water 
 Destaining solution 7% (v/v) Acetic acid, 10% (v/v) MeOH, 
ultrapure water 
  Continued 
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Continuation of table 6 
Method Solution Composition 
Immunoblotting Transfer buffer (10x) 38.25 g/L Tris, 189.15 g/L Glycine, 
ultrapure water 
 Transfer buffer (working 
solution) 
10% (v/v) 10x Transfer buffer, 20% (v/v) 
MeOH, ultrapure water 
 PBS buffer 18 g/L Na2HPO4 . 2H2O, 3 g/L KH2PO4, 
81.84 g/L NaCl - 5 M NaOH to pH 7.4, 
autoclaved 
 PBS-T buffer 10% (v/v) 10x PBS buffer, 0.5% (v/v) 
Tween 20, 895 mL ultrapure water 
 Ponceau S 2 g/100 mL Ponceau S, 30 g/100 mL TCA, 
30 g/100 mL sulfosalicylic acid - filtrated 
In vitro digestions Simulated gastric fluid (for 
recombinant protein digestion) 
0.15 M NaCl - 1 M HCl to pH 2.5 
Simulated salivary fluid 15.1 mM KCl, 3.7 mM KH2PO4, 13.6 mM 
NaHCO3, 0.15 mM MgCl2(H2O)6, 0.06 mM 
(NH4)2CO3 - 5 M HCl to pH 7 
Simulated gastric fluid  6.9 mM KCl, 0.9 mM KH2PO4, 25 mM 
NaHCO3, 47.2 mM NaCl, 0.12 mM 
MgCl2(H2O)6, 0.5 mM (NH4)2CO3 - 5 M HCl 
to pH 3 
Simulated intestinal fluid 6.8 mM KCl, 0.8 mM KH2PO4, 85 mM 
NaHCO3, 38.4 mM NaCl, 0.33 mM 
MgCl2(H2O)6 - 5 M HCl to pH 7 
Protein extraction 
and purification 
Native buffer (for cell disruption) 10 mM Tris, 300 mM NaCl, 0.1% Triton X 
100, ultrapure water - 2 M HCl to pH 8 
 Equilibration buffer 10 mM imidazole, 10 mM Tris, 300 mM 
NaCl - 2 M HCl to pH 8 
 Washing buffer 20 mM Imidazole, 10 mM Tris, 300 mM 
NaCl - 2 M HCl to pH 8 
 Elution buffer 250 mM Imidazole, 10 mM Tris, 300 mM 
NaCl - 2 M HCl to pH 8 
 Storage buffer 10 mM Tris - 2 M HCl to pH 8 
Bacteria cultivation LB medium 10 g/L Peptone, 5 g/L Yeast extract, 10 g/L 
Sodium chloride - 5 M NaOH to pH 7.2 - 
7.5, autoclaved 
 
 LB-Amp  
 
LB-Agar plates 
 
 
 
 
 
LB-Amp plates 
LB medium as described above with 2 ml of 
50 mg/ml ampicillin added after autoclaving 
 
10 g/L Peptone, 10 g/L NaCl, 5 g/L Yeast 
extract, 15 g/L Agar-Agar - 5 M NaOH to 
pH 7.2 - 7.5, autoclaved  
LB-Agar plates as described above with 2 ml 
of 50 mg/ml ampicillin added after 
autoclaving 
 
Agarose 
electrophoresis 
TBE buffer 100 mM Tris, 100 mM Boric acid, 2 mM 
EDTA 
 1% Agarose gel 1 g Agarose in 100 mL in diluted TBE 
buffer 
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3.2 METHODS FOR ALLERGEN IDENTIFICATION AND CHARACTERIZATION 
 
3.2.1 Protein extraction 
 
Pork meat products and meat were purchased in a local butcher’s shop. To simulate 
cooking and grilling, the pork meat was either cooked in boiling water (5 g in 200 mL) or 
grilled in a frying pan without additives for 20 min until the internal temperature reached 
around 60°C. The meat products and raw, cooked and grilled meat were cut into small 
pieces, frozen in liquid nitrogen and ground to a fine powder using a mortar and a pestle. 
Proteins were extracted from 5 g of the powdered material with 25 mL of PBS buffer by 
overnight incubation at 4 °C and continuous shaking. Extracts were then filtered through 
0.45 µm sterile filters and stored at -20 °C.  
 
3.2.2 Protein concentration determination (Bradford method) 
 
The total protein concentration of meat extracts was measured by the Bradford method. 
Bovine serum albumin (BSA) was used as a standard for the preparation of the calibration 
curve with the following concentrations: 1 µg/mL, 2 µg/mL, 4 µg/mL, 7 µg/mL, 10 
µg/mL. Ultrapure water was used as a blank (0 µg/mL). Several different dilutions were 
prepared for each sample using ultrapure water. Bradford reagent was then added to the 
samples followed by incubation for 15 min at room temperature protected from light. 
Samples were then transferred to plastic cuvettes and absorbance was measured at 595 nm. 
The protein concentration was calculated using an equation obtained by linear regression 
from the standard curve.  
 
3.2.3 SDS-PAGE 
 
To separate proteins by their molecular weight, sodium dodecyl sulphate – polyacrylamide 
gel electrophoresis (SDS-PAGE) was performed. After addition of sample buffer to the 
protein samples, they were incubated at 95 °C for 10 min for denaturation of the proteins 
and centrifuged to remove particulate matter. 5 µL of PageRuler™ Prestained Protein 
Ladder Marker and 20 µL (300 µL for preparative gel) of each denatured sample was 
loaded either on a 12% or 15% SDS-gel. The gel was mounted in the electrophoresis 
chamber filled with electrophoresis buffer. Electrophoresis was started at 90 V and after 
10-15 min increased to 200 V. The voltage was left unchanged until the blue front ran out 
of the gel. The gel was then transferred into the fixing solution for 30 min, followed by 
soaking for 30 min in staining solution and overnight incubation in destaining solution. 
The destaining solution was replaced several times until the background was nearly clear.  
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3.2.4 Immunoblotting  
 
For blotting of separated proteins to a nitrocellulose membrane, wet electroblotting was 
performed in a tank filled with transfer buffer for 1 h at 6.5 mA/cm2. When finished, the 
membrane was immediately put into ultrapure water to prevent drying out, stained with 
Ponceau S for up to 25 seconds to verify the success of protein transfer and destained with 
ultrapure water and PBS-T. To avoid unspecific binding of the antibodies, the membrane 
was blocked with 5 mL of 0.1% human serum albumin (HSA) in PBS-T for 1 h at room 
temperature on the rocking platform. Afterwards, the solution was discarded, and the 
membrane was incubated overnight in the required dilution of the selected primary 
antibody or human serum at 4 °C and for control purposes in the PBS-T buffer. The 
following day the membrane was rinsed with PBS-T in order to remove unbound 
antibodies before adding the required dilution of the corresponding secondary antibody in 
PBS-T with 0.1% (w/v) HSA (see Table 5 – donkey anti goat IgG HRP for goat anti pig 
serum albumin, goat anti rabbit IgG HRP for rabbit anti bovine myosin light chain, goat 
anti mouse IgG (H+L) HRPO for mouse anti parvalbumin, mouse anti human IgE Fc-HRP 
for human sera). The membrane was incubated for 1 h at room temperature to allow the 
binding of secondary antibodies before the rinsing procedure was repeated. After the final 
rinsing, PBS-T was discarded, and chemiluminescent substrate was added for 5 min of 
incubating while protected from light.  
 
The signal was detected using a digital darkroom and the “Chemi with Markers” protocol 
(Trans UV Light, No filter/Orange 590 nm, Black sample screen) with a standard 
resolution (3x3 pixel bin, 1109 x 835 pixels) and automatic exposure time. During the 
exposure time, the machine took successively longer exposures until the optimal exposure 
was reached that resulted in an ideal signal-to-noise ratio.  
 
When performing inhibition immunoblotting, the membrane (containing the blotted protein 
extracts) was exposed to a human serum that was pre-incubated over night at 4 °C with 
recombinant beef myosin light chain protein in a concentration of 40 µg/ml or, for control 
purposes, with PBS-T buffer. All the other steps (washing, incubation with the secondary 
antibody and detection of the signal) were performed as described above.  
 
3.2.5 Mass spectrometry 
  
For mass spectrometry analysis samples were loaded twice on an SDS-gel. After 
electrophoresis one half of the gel was stained with Coomassie and the other half was 
blotted onto a nitrocellulose membrane and incubated with patients’ sera. After detection 
of the IgE reactive proteins on the immunoblot, the blot and the Coomassie gel were 
compared and the IgE reactive protein bands were excised from the Coomassie stained gel. 
Mass spectrometry analysis was performed at the Vetmeduni Vienna.  
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Excised bands were washed and destained, reduced with dithiothreitol and alkylated with 
iodoacetamide. In-gel digestion was performed with trypsin with a final concentration of 
20 ng/µL in 50 mM aqueous ammonium bicarbonate and 5 mM CaCl2 for 8 hours at 37 °C. 
Afterwards, peptides were extracted with three changes of 5% trifluoro acidic acid (TFA) 
in 50% aqueous acetonitrile (ACN) and 10 min of ultrasonication. Extracted peptides were 
dried down in a vacuum concentrator and resuspended in 0.1% TFA for the LC-MS/MS 
analysis. All samples were dissolved in 8µl 0.1% TFA. Peptides were separated on a nano-
HPLC Ultimate 3000 RSLC system (Dionex). Sample pre-concentration and desalting 
were performed with a 5 mm Acclaim PepMap Precolumn (300 µm inner diameter, 5 µm 
particle size, and 100 Å pore size). For sample loading and desalting 2% ACN in ultrapure 
water with 0.05% TFA was used as a mobile phase with a flow rate of 5 µL/min. 
 
Separation of peptides was performed on a 25 cm Acclaim PepMap C18 column (75 µm 
inner diameter, 3 µm particle size, and 100 Å pore size) with a flow rate of 300 nL/min. 
For mass spectrometry analysis, the LC was directly coupled to a high-resolution Q 
Exactive HF Orbitrap mass spectrometer.  
 
3.3 METHODS FOR RECOMBINANT ALLERGEN PRODUCTION 
 
Based on the results of previous experiments and immunoblot analyses porcine myosin 
light chain 1 (MLC1), myosin light chain 3 (MLC3) and parvalbumin were selected and 
produced as recombinant allergens. Bacterial expression plasmids containing the cDNAs 
coding for MLC1 and MLC3 were already present in the lab and were further prepared 
following the protocol from chapter 3.3.2.4, whereas cDNA coding for porcine 
parvalbumin had to be cloned into the expression vector pET-17b. 
 
3.3.1 Cloning 
 
3.3.1.1 Polymerase chain reaction (PCR) 
 
Primers were designed according to the transcript of pig parvalbumin (NCBI accession 
number: NM_001190157). Forward primer (5’ - GGT GGT CAT ATG TCG ATG ACA 
GAC TTG CTC AAC GCT – 3’) contained a NdeI restriction site (underlined) introduced 
in the sequence and the reverse primer 5’ - GGT GGT CTC GAG TTA GTG ATG ATG 
ATG ATG ATG GCT TTC AGC CAC CAG AGT GGA GAA TTC contained an XhoI 
(underlined) and hexa-His tag (in italics). All oligonucleotides were synthesised by 
Microsynth AG (Vienna, Austria).  
 
The reaction conditions were as follows: 40.5 µL nuclease free water, 5 µL Pfu 10x 
reaction buffer, 1.5 µL 3% DMSO, 1 µL dNTP mix, 0.5 µL Pfu DNA Polymerase, 0.5 µL 
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100 µM forward primer, 0.5 µL 100 µM reverse primer and 0.5 µL pig skeletal muscle 
cDNA – total mixture volume was 50 µL.  
 
The reactions were carried out with an initial denaturation step for 5 min at 95 °C, 
followed by 35 cycles of 1 min at 95 °C (denaturation), 1 min at 65 °C (annealing of 
oligonucleotides), 1 min at 72 °C (extension) and a final extension step of 5 min at 72 °C.  
 
3.3.1.2 Agarose gel electrophoresis and PCR Clean-up 
 
50 µL of PCR reaction volume was loaded on a 1% agarose gel in TBE buffer and PCR 
products were excised afterwards and purified using NucleoSpin® Gel and PCR Clean-up 
kit following the instructions of the manufacturer. Briefly, the gel slice was weighed, and 
an appropriate volume of buffer was added for its solubilization at 50 °C. The mixture was 
loaded in a collection tube and centrifuged to let DNA bind to the silica membrane. The 
membrane was then washed with washing buffer and dried by centrifugation at 11.000 g 
for 1 min. The DNA was finally eluted with elution buffer while incubated at room 
temperature for 1 min and centrifuged at 11.000 g for 1 min.  
 
3.3.1.3 Restriction digest  
 
The vector and insert were both digested with NdeI and XhoI enzymes for the ligation. The 
reaction was as follows: insert – 14 µL sample, 4 µL 2x buffer Tango, 1 µL NdeI enzyme, 
1 µL XhoI enzyme; pET-17b vector – 2 µL sample, 4 µL 2x buffer Tango, 1 µL NdeI 
enzyme, 1 µL XhoI enzyme, 12 µL ultrapure water – total mixture volume was 20 µL for 
both reactions. The restriction digest was performed overnight at 37 °C and was stopped 
the following day by incubation at 65 °C for 15 min.  
 
3.3.1.4 Dephosphorylation 
 
In order to prevent self-ligation of the vector, dephosphorylation was performed as 
follows: 20 µL digested vector, 2.3 µL 10x AP buffer, 1 µL alkaline phosphatase – total 
mixture volume was 23.3 µL, with incubation at 37 °C for 10 min, followed by immediate 
incubation at 75 °C for 5 min.  
 
3.3.1.5 Ligation 
 
For ligation of vector and insert 4 µL of each was mixed with 1 µL T4 DNA ligase and 
1µL 10x ligase buffer (total mixture volume was 10 µL) and incubated at 16 °C overnight.  
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3.3.2 Plasmid production 
 
3.3.2.1 Transformation 
 
100 µL of competent Escherichia coli cells (XL1-Blue strain) were slowly thawed on ice. 
5 µL of ligation reaction or 1 µL of a plasmid was added and incubated on ice. After 30 
min a heat shock was applied for 45 seconds by incubating at 42 °C and then again on ice 
for 2 min. 400 µL of LB medium was added to the culture which was further on incubated 
for 30 min at 37 °C while shaking at 600 rpm. 10 µL of transformed cells were plated with 
90 µL of LB medium on agar plates with ampicillin as a selection antibiotic and incubated 
at 37 °C overnight.  
 
3.3.2.2 Mini preparation of plasmid DNA 
 
For plasmid mini preparation, the day after transformation a starter culture was inoculated 
with a single colony from the plate in a volume of 4 ml LB medium with ampicillin in a 
concentration of 50 µg/mL. The starter culture was incubated overnight at 37 °C and 200-
300 rpm. 
 
The following day a mini prep was performed using a commercial kit according to the 
manufacturer’s instructions. Bacterial cultures were harvested by centrifugation at 8000 
rpm for 2 min at room temperature. The supernatant was decanted, and the remaining LB 
medium was removed. Pellets were resuspended in resuspension solution with RNase A 
and lysis solution was added afterwards. After thorough mixing, the solution was 
neutralised with neutralisation buffer and centrifuged for 5 min to pellet cell debris and 
chromosomal DNA. The supernatant was transferred to the provided column and 
centrifuged for 1 min. The flow through was discarded and the column containing the 
plasmid DNA was washed several times with washing solution followed by centrifugation. 
The flow through was again discarded after each washing step. Finally, the column was 
centrifuged for 1 min to completely remove the washing solution in order to avoid residual 
ethanol in plasmid preps. Elution buffer was added and after 2 min incubation at RT and 2 
min centrifugation, the bound plasmid DNA was eluted into a fresh microcentrifuge tube.  
 
3.3.2.3 Plasmid DNA concentration measurement, control digest and agarose gel 
electrophoresis 
 
Plasmid DNA concentration was measured spectrophotometrically at 260 nm, using 1 µL 
of sample and the same volume of solution in which DNA was dissolved in the final step 
as a blank sample. 
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To analyse whether the plasmid contained the insert, a control digest was performed as 
follows: 15 µL plasmid prep sample, 2 µL 10x Buffer R, 1 µL XhoI, 1 µL NdeI and 1 µL 
ultrapure water with incubation at 37 °C for 3 h.  
 
For agarose electrophoresis, the digested plasmid was mixed with loading dye (5 parts of 
sample and 1 part of loading dye) and loaded onto a 1% agarose gel with Atlas ClearSight 
DNA stain along with 5 µL of GeneRuler DNA Ladder Mix Marker. The separation was 
performed using TBE buffer at 100 V for 20 min.  
 
The DNA was visualised using UV light at 365 nm and the AlphaView system.  
 
3.3.2.4 Midi preparation of plasmid DNA 
 
For plasmid midi-preparation, a large overnight culture (200 mL) was started from a starter 
culture (4 mL) in LB medium containing 50 µg/mL ampicillin. For plasmid DNA 
purification a commercial kit was used as instructed by the manufacturer. The steps of the 
procedure included harvesting of the bacterial cells by centrifugation at 6000 g for 10 min 
at 4 °C. The supernatant was discarded, and the pellet resuspended in resuspension buffer 
containing RNase A. Cell lysis was achieved using lysis buffer in which the solution was 
incubated for 5 min at RT and afterwards immediately neutralised with neutralisation 
buffer. The suspension was then loaded on an equilibrated NucleoBond® Xtra Column. 
Bound plasmid DNA was washed two times using washing buffer and finally eluted with 
elution buffer. The eluted plasmid DNA was precipitated by addition of isopropanol, 
washed with 70% ethanol and left to dry at room temperature. DNA pellet was dissolved in 
100 µL of ultrapure water.  
 
Plasmid concentration measurement, control digest, and agarose gel electrophoresis were 
performed as described in chapter 3.2.2.4.  
 
3.3.2.5 Sequence analysis 
 
Each plasmid was sent for sequence analysis to Microsynth AG (Austria) to analyse the 
sequence by Sanger Cycle Sequencing using capillary electrophoresis system.  
 
3.3.3 Recombinant protein expression 
 
3.3.3.1 Transformation 
 
Transformation of bacteria cells for protein expression was done following the same 
procedure as the transformation of the cells for plasmid DNA production described in 
29 
Marin Ž. Characterization of allergens in meat products. 
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2019 
chapter 3.2.2.2 with the difference in the bacterial strain used – for protein expression 
competent Escherichia coli cells (BL-21 bacterial strain) were used.  
 
3.3.3.2 Bacteria cultivation 
 
A single colony was picked from the plate and inoculated into 4 mL of LB broth in a 15 
mL conical tube and incubated at 37 °C and 200-300 rpm overnight. From this starter 
culture, a large-scale culture was inoculated.  
 
3.3.3.3 Determination of optimal conditions for induction of protein expression 
 
To 50 mL of LB medium, 0.5 mL of starter culture was added and incubated at 27 °C or 37 
°C and 200-300 rpm. The optical density of the culture was measured at 600 nm (OD600) 
and the culture was grown until it reached an OD600 of 0.5. At this point, a sample of 1 ml 
was taken from the culture as a “sample prior induction”. This sample was centrifuged at 
the maximum speed for 5 min, the supernatant was discarded, and the pellet was frozen at -
20 °C. The rest of the culture was induced with the required amount of 0.5 M IPTG to 
obtain the final concentration of 5 mM in the culture. 1 ml samples were taken (as 
described for the “sample prior induction”) every hour until 4 h after the start of the 
induction.  
 
3.3.3.4 Protein solubility determination 
 
To determine whether the protein was soluble in native conditions, the cell pellets were 
thawed at room temperature followed by 3 freeze/thaw cycles (10 min in liquid nitrogen 
and 10 min in warm water alternately) and later resuspended in 100 µL of native buffer. 
The samples were then centrifuged for 5 min at maximum speed. Supernatants were 
transferred in new micro centrifugal units and 100 µL of sample buffer was added, whereas 
200 µL of the same buffer was added to the pellets. The samples were analysed on 15% 
SDS-PAGE.  
 
3.3.3.5 Large scale cultivation for protein production 
 
For recombinant protein production, a largescale culture (400 mL) was inoculated with a 
starter culture that was grown over night following the transformation. The culture was 
cultivated at 200-300 rpm and 37 °C with periodical analysis of the OD600 until the value 
0.5 was reached. The culture was then induced with 0.5 mM IPTG. Bacteria were grown 
for the optimal time that had been determined during the initial small-scale experiments 
(see chapter 3.3.3.3). Afterwards, the culture was centrifuged at 6000 g for 15 min at 4 °C. 
The supernatant was discarded, and the pellet was frozen at -20 °C.  
30 
Marin Ž. Characterization of allergens in meat products. 
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2019 
3.3.3.6 Cell disruption for protein extraction 
 
Cell pellets were thawed at room temperature following by 3 freeze/thaw cycles (10 min in 
liquid nitrogen and 10 min in warm water alternately). Pellets were then resuspended in 40 
mL of native buffer by vortexing thoroughly and sonicating twice for 10 seconds. After 
that, the samples were centrifuged at 4500 g for 30 min. Supernatants were collected for 
protein purification. 
 
3.3.3.7 Protein purification 
 
First 2 mL of nickel agarose was equilibrated with 40 mL equilibration buffer, then 
centrifuged at 500 g for 5 min. The supernatant was discarded. 40 mL of cell lysate in 
native buffer (see 3.3.3.6) was added to the equilibrated nickel agarose and the mixture 
was incubated at 4 °C for 1 h while gently mixing. The mixture was them loaded onto a 
disposable plastic chromatography column. The flow through was collected. The column 
was washed with 40 mL of washing buffer. Elution was performed by addition of 30 mL 
elution buffer and eluates á 1 mL were collected. All samples were stored at 4 °C until 
SDS-PAGE analysi. Eluates containing similar amounts of the recombinant protein of 
similar purity were pooled and then dialysed using dialysis cassettes against 10 mM Tris 
buffer at 4 °C. 
 
3.3.3.8 Protein concentration determination (Micro Bicinchoninic acid assay) 
 
Recombinant protein concentration was determined by Micro Bicinchoninic acid (BCA) 
assay. BSA was used as a standard and a calibration curve with the following BSA 
concentrations was prepared: 20 µg/mL, 10 µg/mL, 5 µg/mL, 2 µg/mL, 1 µg/mL, 0.5 
µg/mL. Ultrapure water was used as a blank sample (0 µg/mL). Several different dilutions 
were prepared for each sample using ultrapure water. Following the manufacturer’s 
instructions, BCA-Mix was prepared and added to each sample. Samples were then 
incubated at 60 °C for 1 h. The absorbance was measured at 562 nm. The concentration of 
the proteins was calculated using an equation obtained by linear regression from the 
standard curve. 
 
3.4 METHODS FOR ALLERGEN CHARACTERIZATION 
 
3.4.1 Thermal stability and IgE binding capacity 
 
To verify the thermal stability of recombinant proteins, proteins were diluted with 
ultrapure water to a defined concentration and incubated at 95 °C (for 10 min, 1 h, 2 h, 3 h, 
4 h, overnight). Reactions were stopped by addition of SDS-PAGE sample buffer, after 
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which the samples were put on ice to lower the temperature until further analyses by SDS-
PAGE. To determine the IgE binding capacity of recombinant allergens prior to and after 
incubation at elevated temperatures, the proteins were separated on SDS-PAGE, 
subsequently transferred to nitrocellulose membrane and exposed to a pool of patients’ 
sera.  
 
3.4.2 Analysis of the dimerization capacity  
 
To analyse the dimerization capacity of the proteins SDS-PAGE analyses were performed 
either in the presence or in the absence of 2-mercaptoethanol in order to disrupt or retain 
disulphide bonds, respectively.  
 
3.4.3 In vitro digestion 
 
3.4.3.1 In vitro digestion of whole pork meat  
 
In vitro digestion of whole pork meat was performed according to COST INFOGEST 
Network harmonized protocol (Mineakus et al., 2014).  
 
A piece of pork meat was boiled at 95 °C for 10 min and minced afterwards to simulate 
mastication. 5 g was weighted and mixed with 4 mL of simulated salivary fluid (SSF) 
beforehand warmed up to 37 °C, 0.025 mL CaCl2 and 5.975 mL ultrapure water in a 50 
mL centrifuge tube. As proposed by Egger et al. (2015), the addition of amylase to the SSF 
was omitted due to the absence of starch in the sample. The tube was at all times (with the 
exception of sampling and solution addition) incubated at 37 °C in a water bath with 
mixing that simulated peristaltic motion.  
 
After 2 min of incubation 500 µL of the mixture was sampled before 5.2 mL of simulated 
gastric fluid (SGF), 2 mL pepsin solution and 4.5 µL of CaCl2 was added. An appropriate 
volume of 5 M HCl was added to reach pH 3 followed by addition of ultrapure water up to 
a total volume of 18 mL. 500 µL of the sample was always taken after 5, 10, 15, 30 and 60 
min of the gastric digest. Digestion was stopped by adding NaHCO3 until the pH value 
reached 7.5.  
 
For small intestinal digestion 10.4 mL simulated intestinal solution (SIF), 2 mL pancreatin, 
1 mL of bile salts and 0.031 mL CaCl2 was added to the tube. The pH was set to 7 with the 
addition of an appropriate volume of NaHCO3 followed by addition of ultrapure water to a 
final volume of 31 mL. 700 µL of the sample was always taken after 2, 5, 10, 15, 60 and 
90 min of the small intestinal digest. Digestion was stopped by addition of Pefabloc and 
samples were immediately transferred to -80 °C.  
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3.4.3.2 In vitro digestion of recombinant allergens 
 
5 mg of lyophilised protein was dissolved in 3 mL of SGF, pH 2.5. A control sample was 
taken before the addition of enzymes. pH value was checked and if necessary, adjusted to 
values between 2-3 with an appropriate volume of 5 M HCl to ensure optimum conditions 
for pepsin activity. A solution of pepsin in SGF was added at an approximate physiological 
ratio of enzyme to the substrate (1:20, w/w) - 182 U pepsin per mg protein. The digestion 
was performed at 37 °C in a water bath with moderate agitation. Samples were taken after 
1, 2, 4, 6, 8, 10, 15, 30 and 60 min of gastric digestion. Pepsin activity was stopped by 
addition of 15 µL NaHCO3 and samples were immediately transferred to -80 °C.  
 
After the last sampling, 250 µL Bis-Tris, 20 µL CaCl2 and NaHCO3 to pH 7 and afterwards 
trypsin and chymotrypsin were added at an approximate physiological ratio of 
protein/trypsin/chymotrypsin, 1:400:100 (w/w/w) – 1 mg/34.5 U/0.44 U. Samples were 
taken after 2, 5, 15, 30 and 60 min of intestinal digestion. Enzymes were stopped by the 
addition of 1.5 µL Pefabloc and immediate transfer of samples to -80 °C.  
 
3.4.4 Circular dichroism spectroscopy 
 
Circular dichroism (CD) measurements were performed with dialyzed samples in 10 mM 
Tris buffer with a concentration of 0.2 µg/µL at 20 °C. CD spectra were recorded on a 
Chirascan qCD spectropolarimeter (Applied Photophysics, Leatherhead, UK) using a 
quartz cuvette (Hellma Analytics, Müllheim, Germany) with a path-length of 1 mm, from 
190 to 260 nm with a resolution of 0.5 nm. 
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4 RESULTS 
 
4.1 MEAT PRODUCTS AND PORK MEAT PROTEIN BANDING PATTERNS 
 
Protein extracts from salami, bacon, prosciutto, blood and liver sausage, ham, “extra” 
sausage, raw and grilled pork were already present in the laboratory. Briefly, to simulate 
usual domestic preparation, pork meat, bacon, blood sausage, and ham were cooked until 
boiling and the proteins were extracted from both raw and boiled products. For all extracts, 
the total protein concentration was determined using a protein assay kit based on the 
Bradford method and 10 µg of each extract was separated on 12% SDS-PAGE followed by 
Coomassie staining (Figure 1). 
 
 
 
Figure 1: Meat products show differences in protein banding patterns – Protein extracts from the 
different meat products and from raw, boiled and grilled pork were separated on a 12% SDS-PAGE and 
stained with Coomassie brilliant blue. Molecular weights (kDa) are indicated in the left margin. Extracts 
marked with * were prepared from boiled material. 
Slika 1: Profili ločenih proteinov mesnih izdelkov se med seboj razlikujejo 
 
SDS-PAGE analysis (Figure 1) of meat extracts showed two strong bands at around 40 
kDa and other strong bands at 60 kDa and 70 kDa in salami, untreated bacon, and 
prosciutto. Bands at 40 kDa also appeared in cooked bacon and in most of the other 
samples where they are significantly fainter. Another pair of strong bands can be seen at 25 
kDa in salami, untreated bacon, prosciutto, and raw pork. Overall, protein profiles of these 
samples are very similar, as well as the profiles of treated ham and extra sausage. Protein 
profiles of blood and liver sausage extracts show a smeared appearance and only some 
individual bands can be noticed. Extracts of raw, boiled and grilled pork were prepared 
from the same piece of pork muscle meat. The banding pattern of raw meat looks quite 
different from the pattern of boiled meat. However, the grilled meat has bands in common 
with both. Bands that are very strong in raw pork at 15, 25, 35-45, 55 and 110 kDa also 
appear in grilled pork but there they are fainter. Similar observations were made for the 
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bands at 13, 20, 40 and above 180 kDa that are present in both boiled and grilled pork with 
the band at 180 kDa appearing stronger in boiled pork sample. 
 
4.2 DETECTION OF PUTATIVE ALLERGENS 
 
Protein extracts of meat products, as well as raw, boiled and grilled pork were separated on 
12% SDS-PAGE. Proteins were then transferred to a nitrocellulose membrane and 
incubated with specific antibodies directed against known meat allergens in order to see in 
which products potential allergens could be detected. Analyses were performed for serum 
albumin (Figure 2), myosin light chain (Figure 3) and parvalbumin (Figure 4) with an anti-
porcine serum albumin specific antibody, polyclonal rabbit antibody generated against 
bovine myosin light chain 1 and with an antibody directed against frog parvalbumin with 
confirmed reactivity against porcine parvalbumin, respectively. 
 
4.2.1 Serum albumin 
 
 
 
Figure 2: Serum albumin is present in salami, untreated bacon, prosciutto, sausages, raw and grilled 
pork - Protein extracts from selected meat products and raw, boiled and grilled pork were separated on 12% 
SDS-PAGE, immunoblotted and exposed to goat anti-porcine serum albumin and then donkey anti-goat IgG 
HRP-labelled antibodies. Molecular weights (kDa) are indicated in the left margin. Extracts marked with * 
were prepared from boiled material. 
Slika 2: Serumski albumin je prisoten v salami, netretirani slanini, pršutu, klobasah, surovi in pečeni 
svinjini 
 
Analysis for the detection of serum albumin (Figure 2) showed a strong signal at a 
molecular weight of approximately 70 kDa in salami, untreated bacon, prosciutto and raw 
pork samples along with some additional bands at lower molecular weights of 25, 45 and 
55 kDa that could be serum albumin degradation products. In grilled pork extract the signal 
at 70 kDa remained relatively strong, however, it was much weaker in blood and extra 
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sausage samples without any additional bands detected. No signal was detected in other 
samples and in the negative controls (not shown). 
 
4.2.2 Myosin light chain 
 
 
 
Figure 3: Myosin light chain can be detected in salami, both bacon samples, prosciutto, ham, extra 
sausage, and pork meat samples - Protein extracts from selected meat products and raw, boiled and grilled 
pork were separated on a 12% SDS-PAGE, immunoblotted and exposed to rabbit anti bovine myosin light 
chain and then to goat anti rabbit IgG HRP-labelled antibodies.  Molecular weights (kDa) are indicated in the 
left margin. Extracts marked with * were prepared from boiled material. 
Slika 3: Miozinsko lahko verigo je mogoče zaznati v salami, obeh vzorcih slanine, pršutu, šunki, 
»ekstra« klobasi in vzorcih svinjskega mesa 
 
When detecting myosin light chain in meat products and pork meat extracts (Figure 3), a 
signal was detected at 25 kDa in all samples except in blood and liver sausage. The 
strongest band was seen in boiled pork, the band was fainter in grilled and barely visible in 
raw pork. Strong bands were also present in salami, both bacon samples, and extra sausage, 
whereas the band in boiled ham was less intense. In prosciutto, a band of a slightly lower 
molecular weight (~23 kDa) could be observed instead of the 25 kDa protein, which could 
represent a degradation product of the 25 kDa protein. In raw pork and prosciutto, an 
additional band could be observed at 55 kDa which might represent a dimer of the myosin 
light chain protein. In untreated bacon as well as in raw pork a higher molecular weight 
signal was also detected at 100 kDa, which could possibly be an oligomer. Some bands at 
lower molecular weights (around 20 kDa) might be myosin light chain degradation 
products. No signal was observed in negative controls (not shown).  
  
36 
Marin Ž. Characterization of allergens in meat products. 
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2019 
4.2.3 Parvalbumin 
 
  
 
Figure 4: Parvalbumin can be observed in salami, prosciutto, ham, extra sausage, boiled and grilled 
pork - Protein extracts from selected meat products and raw, boiled and grilled pork were separated on a 
12% SDS-PAGE, immunoblotted and exposed to mouse anti parvalbumin and goat anti mouse IgG HRPO-
labelled. Molecular weights (kDa) are indicated in the left margin. Extracts marked with * were prepared 
from boiled material. 
Slika 4: Parvalbumin je mogoče zaznati v salami, pršutu, šunki, »ekstra« klobasi, kuhani in pečeni 
svinjini 
 
Parvalbumin was detected at around 14 kDa in boiled ham, extra sausage, boiled and 
grilled pork along with a very faint band appearing also in salami and prosciutto samples 
(Figure 4). An additional band of roughly the same intensity showed up at above 25 kDa in 
boiled pork extract and could possibly be a protein dimer. No other bands were detected, as 
well as no bands at all can be seen in bacon, sausage, and raw pork samples. Negative 
controls did not show any signal either (not shown).  
 
4.3 DETECTION OF IMMUNOGLOBULIN E REACTIVE PROTEINS  
 
Protein extracts from selected meat products, boiled and grilled pork were separated by 
12% SDS-PAGE and proteins were subsequently transferred to a nitrocellulose membrane 
that was exposed to a pool of patients’ sera. Raw pork and sausages samples were excluded 
from the analysis based on previous results showing smeared banding pattern of sausages 
extracts as well as due to the decision to focus on treated products, thus excluding raw 
pork. Furthermore, the number of samples that could be analysed was limited due to the 
availability of only small amounts of patients’ sera. 
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Figure 5: Meat products contain IgE reactive proteins – Protein extracts from selected meat products and 
boiled and grilled pork were separated on a 12% SDS-PAGE, immunoblotted and exposed to a pool of 
patients’ sera. IgE binding was detected with an anti-IgE antibody. Molecular weights (kDa) are indicated in 
the left margin. Extracts marked with * were prepared from boiled material. 
Slika 5: Mesni izdelki vsebujejo IgE reaktivne proteine 
 
Patients’ IgE antibodies recognized proteins of different molecular weights (Figure 5). In 
salami, untreated bacon and prosciutto a strong band was detected at 70 kDa, which was 
also present but much fainter in grilled pork and extra sausage. Additionally, a band at 35 
kDa was noticeable in salami, untreated bacon, and prosciutto. All extracts, except 
prosciutto and grilled pork, showed a signal of different intensity at 25 kDa. In prosciutto 
and ham, specific bands at around 23 kDa are recognized, which were not present in the 
other products. The strongest signal was observed in ham, extra sausage, and boiled pork at 
around 14 kDa. This protein band was also recognized in all other samples, where the 
signal was weaker. No signal was detected in the negative control (not shown).  
 
4.4 IDENTIFICATION OF IMMUNOGLOBULIN E REACTIVE PROTEINS 
 
To identify IgE reactive proteins, salami and boiled ham were selected from the analysed 
meat product samples, as these two extracts contained the majority of IgE reactive bands 
that were observed in different samples and are treated with diverse processing techniques 
(Figure 5). The two extracts were separated twice on a 12% SDS-PAGE. One part of the 
gel, containing the molecular weight marker and both samples, was immunoblotted and the 
membrane was exposed to a pool of patients’ sera (Figure 6, left) and the other part with 
the same samples was Coomassie stained (Figure 6, right). IgE reactive proteins detected 
by immunoblotting were identified on the Coomassie gel. Sample patterns of reactive 
bands in figure 6 (left) and figure 5 slightly differ due to the longer exposure time. In 
figure 6 (left) more bands can be observed, however, there was no signal detected in the 
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negative controls. Corresponding bands marked with S-1, BH-1, etc. in Figure 6 (right) 
were excised and analysed by mass spectrometry (results in Table 7).  
 
 
Figure 6: IgE reactive bands identified in Coomassie stained gel and excised for mass spectrometry 
analysis - Salami and boiled ham extracts were separated on 12% SDS-PAGE (in duplicates) with one part 
of the gel immunoblotted and exposed to a pool of patients’ sera (left) or Coomassie stained (right). 
Molecular weights (kDa) are indicated in the left margin. 
Slika 6: IgE reaktivni proteini identificirani v gelu barvanim z barvilom Coomassie in izrezani za 
namen masne spektrometrije 
 
Table 7: Mass spectrometry analysis results of excised protein bands from salami and boiled ham sample 
Preglednica 7: Rezultati analize izrezanih proteinov vzorca salame in kuhane šunke z masno spektrometrijo 
Protein 
band 
Accession of 
identified protein 
(UniProt database) 
Identified protein Sequence 
coverage (%) 
Number 
of 
peptides 
identified 
MW 
(kDa) of 
identified 
protein 
S-1 A0A287BAY9 Serum albumin  88 102 74.5 
S-2 A0A287BHM1 Tropomyosin alpha-1 chain  72 60 40 
S-3 A0A287BAY9 Serum albumin 34 23 74.5 
S-5 A0A286ZMV9 
Uncharacterized protein OS=Sus 
scrofa OX=9823 PE=1 SV=1 
 
69 19 22 
S-6 A0A287ALJ2 
Uncharacterized protein OS=Sus 
scrofa OX=9823 GN=PVALB 
64 15 15.2 
BH-1 K4EJ64 MYL3  45 9 21.8 
BH-2 A0A287ALJ2 
Uncharacterized protein OS=Sus 
scrofa OX=9823 GN=PVALB 
58 15 15.2 
 
Samples S-1 and S-2 were identified as serum albumin and tropomyosin alpha-1 chain 
respectively, with a high percentage of sequence coverage and a high number of peptides 
identified. Sample S-3 might be a degraded form of serum albumin protein as the 
molecular weight at which the band was excised does not match intact serum albumin’s 
molecular weight. Analysis of sample S-4 did not return any relevant results. Sample S-5 
was identified as uncharacterized protein, which is described in the UniProt database as 
calcium ion binding protein with EF-hand domains. Its amino acid sequence was aligned 
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with the sequence of myosin light chain 1 using Protein basic local alignment search tool 
(BLAST). The result revealed 98% identity within 97% of coverage of the sequences. 
Sample BH-1 was identified as myosin light chain 3. The other uncharacterized protein 
(identified in samples S-6 and BH-2) was predicted from the sequence of the gene 
PVALB, which is a member of the parvalbumin family and has EF-hand domains. Protein 
BLAST search of this uncharacterized protein showed that it shares 100% identity in 78% 
of its sequence with parvalbumin. Thus, we can conclude that samples marked as S-5 and 
S-6/BH-2 represent myosin light chain 1 and parvalbumin, respectively. Molecular weights 
of all identified proteins correspond with the molecular weights at which bands were 
excised from the Coomassie stained gel (Figure 6, right). 
 
4.5 MYOSIN LIGHT CHAIN IDENTITY VERIFICATION 
 
To analyse whether the IgE reactive protein band at approximately 25 kDa represents 
myosin light chain 1, proteins extracted from boiled pork meat were separated on a 12% 
SDS-PAGE, immunoblotted on a nitrocellulose membrane and exposed to a pool of 
patients’ sera that recognized a 25 kDa porcine protein by means of immunoblotting in 
previous experiment (Figure 5). The sera were either preincubated with the recombinant 
beef myosin light chain 1 protein in PBST-T buffer or with PBS-T buffer only (Figure 7).  
 
 
 
Figure 7: Recombinant beef myosin light chain is able to inhibit patients’ IgE binding to a 25 kDa 
protein in boiled porcine extract - Boiled porcine extract was separated on a 12% SDS-PAGE, 
immunoblotted and exposed to patients' sera preincubated with recombinant beef myosin light chain 1 or 
PBS-T buffer (negative control). Molecular weights (kDa) are indicated in the left margin. 
Slika 7: Rekombinantna goveja miozinska lahka veriga prepreči vezavo protiteles IgE pacientov s 
proteinom velikosti 25 kDa iz kuhane svinjine 
 
In the immunoblot for which the used patient sera was preincubated with the recombinant 
beef myosin light chain 1 protein, we observed the absence of the signal at 25 kDa 
indicating that the beef myosin light chain 1 recombinant protein is capable of inhibiting 
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IgE Ab recognizing myosin light chain protein in the blot. Thus, we can confirm that the 
IgE reactive 25 kDa protein band in the porcine sample is myosin light chain as well as 
that there is cross-reactivity between myosin light chain of beef and pork origin. The IgE 
reactive protein at 14 kDa was noticed in both samples, which showed that the protein does 
not share IgE epitopes with recombinant beef myosin light chain. 
 
4.6 RECOMBINANT ALLERGEN PRODUCTION 
 
For the generation of recombinant proteins, plasmids containing inserts coding for the 
allergenic proteins were prepared. Bacterial expression plasmids containing the cDNAs 
coding for porcine myosin light chain 1 (SMLC1) and porcine myosin light chain 3 
(SMLC3) were already present in the lab, whereas cDNA coding for porcine parvalbumin 
was additionally cloned into the expression vector pET17-b. For this purpose, a PCR 
reaction was carried out with porcine parvalbumin specific primers using pig skeletal 
muscle cDNA as a template. For cloning into the NdeI and XhoI restriction sites of pET-
17b, the primers were designed in such manner that they contained the two restriction sites.  
 
Following the PCR, the PCR product and the pET17-b vector were digested with NdeI and 
XhoI and then the ligation of the insert into the plasmid was carried out (a plasmid map of 
the construct is presented in Figure 8). 
 
  
 
Figure 8: Vector construct including parvalbumin sequence - SMLC1 and SMLC3 vectors were designed 
in a similar manner with respective sequences inserted between NdeI/XhoI restriction sites. PVALB – 
parvalbumin sequence, AmpR – ampicillin resistance, MCS – multiple cloning site, RBS – ribosome-binding 
site, ori – the origin of replication, rop – regulatory protein. 
Slika 8: Vektorski konstrukt z vključenim zaporedjem parvalbumina 
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After transformation of the ligation reaction into the bacteria, 10 different single colonies 
were cultivated in a small-scale. Mini preparation for isolation of the plasmid was done for 
each of them and after restriction digest, the plasmids were analysed by agarose 
electrophoresis to verify which contained the insert. The sample that showed the presence 
of a faint band at 300 bp, indicating that it contained the insert, was used to transform 
competent E. coli cells for the preparation of the plasmid in a midi scale (Annex A).  
 
For the generation of recombinant SMLC1, SMLC3 and parvalbumin, the plasmids were 
transformed into the bacterial expression strain of E. coli. To determine optimal growth 
conditions for protein expression, the bacteria were grown in small scale cultures and 
expression was induced by addition of IPTG. Prior to and after induction, samples of the 
culture were taken and analysed on a 15% SDS-PAGE to establish how long the bacteria 
needs to be cultivated to achieve optimal expression levels. In order to verify the solubility 
of the recombinant proteins, bacterial pellets were resuspended in native buffer and 
analysed by SDS-PAGE.  
 
Optimal protein expression conditions were evaluated for each recombinant protein 
individually, however, some common characteristics were observed. All recombinant 
proteins were successfully obtained using native buffer. Stronger bands were for all 
already present in supernatant and pellet of bacteria that were not yet induced, which 
showed that the promotor is “leaky” and that the proteins were already produced even prior 
to induction.  
 
Recombinant myosin light chain 1 showed only partial solubility as the protein band at 25 
kDa was always stronger in the pellet samples at all time points except prior induction. 
Pellet bands got stronger with each time point whereas the ones in supernatants remained 
approximately the same. Based on the obtained results, it was decided to induce protein 
expression for 1 hour in the large-scale experiments (Annex B).  
 
Recombinant myosin light chain 3 was only partially soluble in the native buffer up to 2 
hours after induction. However, upon longer induction, the band at 25 kDa was stronger in 
the supernatant than in the pellet, indicating the solubility of the protein in the used buffer. 
Bands in the supernatant got stronger with each time point and were at 2 hours after 
induction more intense in the supernatant than in the pellet of the same time point. Bands 
in the pellets were also getting stronger as the produced protein started to accumulate. It 
was concluded to induce protein expression for 2 hours in large-scale experiments (Annex 
B).  
 
Recombinant parvalbumin was soluble in the native buffer as stronger bands were 
observed in all supernatant samples when compared to pellets even in the sample prior to 
induction. The intensity of the ~12 kDa band was getting stronger with each time point in 
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both the supernatants and the pellets. It was decided to induce protein expression for 2 
hours in the large-scale experiments (Annex B).  
 
After the optimal cultivation conditions were determined, proteins were produced on a 
large scale and purified by nickel agarose affinity chromatography.  
 
4.7 CHARACTERIZATION OF RECOMBINANT ALLERGENS 
 
Recombinant allergens were after purification separated on a 15% SDS-PAGE (2 µg load) 
and Coomassie stained. The proteins migrated at a molecular weight of around 25 kDa in 
case of porcine myosin light chain 1 (Figure 9, left, CT lane) and 3 (Figure 9, right, CT 
lane) and around 14 kDa for parvalbumin (Figure 12, CT lane). No additional bands of 
higher or lower molecular weight were detected. The observed sizes of purified allergens 
approximately correspond to the values calculated from proteins’ amino acid sequences 
with the ExPASy ProtParam tool (myosin light chain 1: 21.74 kDa, myosin light chain 3: 
22.68 kDa, parvalbumin: 12.92 kDa). 
 
4.7.1 Thermal stability and IgE binding capacity 
 
Thermal stability is an important characteristic of food allergens as it enables them to resist 
thermal processing. The proteins are thus not fully denatured or degraded by domestic nor 
industrial preparation methods such as cooking, baking, etc. and can still elicit an allergic 
reaction upon ingestion.  
 
Individual proteins (SMLC1, SMLC3 and parvalbumin in recombinant and serum albumin 
in its native form) were thermally treated for selected periods of at 95 °C and subsequently 
analysed by SDS-PAGE and immunoblotting (Figures 9 -11). 
 
First experiments of myosin light chain 1 and 3 treatment at different time periods (10 min, 
1 h, 2 h, 3 h, and 4 h) did not have any effect on the band intensity of the two recombinant 
proteins (results not shown). Therefore, another experiment was conducted, where an 
overnight incubation step was included (Figure 9).  
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Figure 9: Myosin light chain 1 and 3 are thermally stable when incubated overnight at 95 °C - 
Recombinant myosin light chain 1 (left) and myosin light chain 3 (right) incubated for different times (1 h 
and overnight) or not treated (CT) were separated on a 15% SDS-PAGE and Coomassie stained. Molecular 
weights (kDa) are indicated in the left margin. CT - control (untreated) sample, ON – sample incubated 
overnight 
Slika 9: Miozinski lahki verigi 1 in 3 ostaneta toplotno stabilni tudi po prekonočni inkubaciji pri 95 °C 
 
In case of both proteins, the monomeric form of the protein was still the dominant protein 
band, even after nearly 24 h of incubation. However, an increase in higher molecular 
weight proteins can be observed in both overnight samples: one protein at around 55 kDa 
probably representing the dimer with protein aggregates above the 180 kDa that did not 
enter the separating gel, indicating the prolonged thermal treatment potentially induced the 
formation of aggregates. 
 
 
 
Figure 10: Myosin light chain 1 is able to bind patients’ IgE antibodies even after overnight incubation 
at 95 °C - Thermally treated (10 min, 2 h and overnight at 95 °C) recombinant porcine myosin light chain 1 
protein was separated on a 15% SDS-PAGE, immunoblotted onto a nitrocellulose membrane and exposed to 
a pool of patients’ sera. For control purposes, the untreated protein was also exposed to buffer instead of the 
serum pool (NC). Molecular weights (kDa) are indicated in the left margin. CT - control (untreated) sample, 
ON – sample incubated overnight 
Slika 10: Miozinska lahka veriga 1 veže protitelesa IgE pacientov tudi po prekonočni inkubaciji pri 95 
°C 
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Immunoblotting with a pool of patients’ sera (Figure 10), known to display IgE reactivity 
to myosin light chain proteins, revealed that there seems to be even a slight increase in the 
IgE reactivity of the protein with increasing times of incubation at 95 °C and that the IgE 
reactivity was the strongest in the sample incubated overnight. Patients’ IgE antibodies 
also recognised putative dimers at 55 kDa and higher molecular weight aggregates at 
above the 180 kDa in the overnight sample. For control purposes, the untreated protein was 
incubated with buffer instead of the serum pool. A faint signal was visible in this sample, 
probably due to unspecific binding of the secondary anti-IgE antibody. However, the 
intensity of the observed signal was much weaker than the signals in the other samples, 
indicating a specific recognition of the myosin light chain 1 protein by patients’ IgE 
antibodies.  
 
 
 
Figure 11: Serum albumin remains thermally stable and is able to bind patients’ IgE antibodies for up 
to 2 hours of incubation - Thermally treated (10 min, 2 h and overnight at 95 °C) serum albumin was 
separated on a 15% SDS-PAGE (left) and immunoblotted on nitrocellulose membrane with subsequent 
incubation with a pool of patients’ sera (right). Molecular weights (kDa) are indicated in the left margin. CT - 
control (untreated) sample, ON – sample incubated overnight 
Slika 11: Serumski albumin ostane toplotno stabilen in veže protitelesa IgE pacientov tudi po 2 urah 
inkubacije 
 
Thermal stability analysis of serum albumin revealed that the protein remains stable and 
roughly the same protein binding pattern can be observed in both SDS-PAGE gel (Figure 
11, left) and on the blot, which was incubated with a pool of sera from albumin sensitized 
patients (Figure 11, right) after 10 min of incubation at 95°C compared to the control 
sample. Several lower molecular weight bands were already present in the non-treated 
protein in both, the gel and immunoblot, indicating partial degradation of the protein. After 
two hours of incubation, an increase in higher molecular weight aggregates was noticed. 
Sample incubated overnight showed almost no protein left, however, the signal did not 
disappear completely, because a weak protein band was still visible at around 25 kDa in 
the Coomassie stained gel and in the IgE blot.  
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Figure 12: Recombinant parvalbumin remains thermally stable and is able to bind patients’ IgE 
antibodies for up to 2 hours of incubation - Thermally treated (10 min, 2 h and overnight at 95 °C) 
parvalbumin was separated on a 15% SDS-PAGE (left) and immunoblotted on nitrocellulose membrane with 
subsequent incubation n with a pool of patients’ sera (right). Molecular weights (kDa) are indicated in the left 
margin. CT - control (untreated) sample, ON – sample incubated overnight 
Slika 12: Rekombinantni parvalbumin ostane toplotno stabilen in veže protitelesa IgE pacientov tudi 
po 2 urah inkubacije 
 
For porcine parvalbumin, thermal stability can be observed for at least 10 minutes of 
incubation at 95 °C. However, after 2 hours of incubation at 95°C, the protein band got 
weaker both on the gel (Figure 12, left) as well as on the blot (Figure 12, right). After 
overnight incubation at 95 °C, a smear was still visible on the gel at the molecular weight 
of pork parvalbumin, but the protein did not anymore show IgE binding.  
 
4.7.2 Aggregation  
 
To verify the possibility of formation of higher molecular weight structures by the 
produced recombinant pork allergens, the recombinant proteins were analysed by SDS-
PAGE under reducing and non-reducing conditions. For reducing conditions 2-
mercaptoethanol was added to the buffer for sample preparation for electrophoresis, 
whereas for non-reducing conditions it was omitted and therefore disulphide bonds should 
be retained.  
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Figure 13: Recombinant myosin light chain 1 forms higher molecular weight structures under non-
reducing conditions – Recombinant myosin light chain 1 separated on a 15% SDS-gel (left) under reducing 
(R) or non-reducing (NR) conditions and subsequently immunoblotted onto a nitrocellulose membrane with 
anti-myosin light chain Ab used as primary Ab (right). Molecular weights (kDa) are indicated in the left 
margin. 
Slika 13: Rekombinantna miozinska lahka veriga 1 tvori višje molekularne strukture v nereducirajočih 
pogojih  
 
 
 
 
Figure 14: Recombinant myosin light chain 3 forms higher molecular weight structures under non-
reducing conditions – Recombinant light chain 3 separated on 15% SDS-gel (left) under reducing (R) or 
non-reducing (NR) conditions and subsequently immunoblotted onto a nitrocellulose membrane with anti-
myosin light chain Ab used as primary Ab (right). Molecular weights (kDa) are indicated in the left margin. 
Slika 14: Rekombinantna miozinska lahka veriga 3 tvori višje molekularne strukture v nereducirajočih 
pogojih 
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Figure 15: Recombinant parvalbumin can be in both, reducing and non-reducing conditions, observed 
only in monomeric form - Recombinant parvalbumin separated on 15% SDS-gel (left) under reducing (R) 
or non-reducing (NR) conditions and subsequently immunoblotted onto a nitrocellulose membrane with anti-
parvalbumin Ab used as primary Ab (right). Molecular weights (kDa) are indicated in the left margin. 
Slika 15: Rekombinantni parvalbumin je v reducirajočih in nereducirajočih pogojih opažen zgolj v 
monomerni obliki 
 
SDS-PAGE and immunoblotting analyses of the recombinant porcine proteins – myosin 
light chain 1 (Figure 13), myosin light chain 3 (figure 14) and parvalbumin (Figure 15) 
were performed under reducing and non-reducing conditions. Myosin light chain 1 and 
myosin light chain 3 both formed higher molecular structures (most likely aggregates) 
under non-reducing conditions, while when prepared with reducing sample buffer, only the 
monomeric form of the proteins was detected. Only in case of myosin light chain 1 a faint 
signal at 55 kDa could also be seen in the gel as well as in the blot, potentially representing 
the dimer of the protein, as the molecular weight of the observed signal is roughly twice 
the molecular weight of the monomeric protein. Parvalbumin did not form any higher 
molecular aggregates under non-reducing conditions.  
 
4.7.3 In vitro digestibility of recombinant allergens 
 
Another important feature of food allergens is their stability during digestion. If allergens 
are stable during the gastric and intestinal conditions, they can potentially sensitize 
individuals via the gastrointestinal tract. Recombinant myosin light chain 1 and 3 and 
parvalbumin were analysed for their stability under in vitro gastric and intestinal digestion 
conditions. Protein hydrolysates were analysed by means of SDS-PAGE at various time 
points of gastric and intestinal digestion phases.  
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Figure 16: Recombinant myosin light chain 1 does not resist gastrointestinal digestion - Recombinant 
myosin light chain 1 that had been exposed for different times to in vitro gastric (G1 – 1 min, G2 – 2 min, G4 – 
4 min, G6 – 6 min, G8 – 8 min, G10 – 10 min, G15 – 15 min, G30 – 30 min, G60 – 60 min) and intestinal (I2 – 2 
min, I5 – 5 min, I10 – 10 min, I15 – 15 min, I30 – 30 min, I60 – 60 min) digestions was separated on a 15% 
SDS-PAGEs. Molecular weights (kDa) are indicated in the left margin. CT – undigested control sample 
Slika 16: Rekombinantna miozinska lahka veriga 1 ne prestane gastrointestinalne prebave 
 
All recombinant proteins were quickly degraded during early stages of simulated gastric 
digestion. The intact myosin light chain 1 at 25 kDa was still observed until 4 minutes of 
gastric phase but disappeared completely afterwards (Figure 16). The band that can be 
noticed at 55 kDa in the control sample is probably a dimer and the band present at around 
45 kDa in all gastric phase time points corresponds to pepsin. Until 4 minutes of gastric 
digestion, there are several degradation products with molecular weights lower than 25 
kDa present with only bands at around 13 kDa and 6 kDa resisting longer times of gastric 
digestion. There are no strong bands present in the samples of intestinal digestion that 
could be with certainty described as myosin light chain 1.  
 
Recombinant myosin light chain 3 (Annex C) also did not resist gastric digestion and has 
in its intact form disappeared immediately with only several degradation products smaller 
than 15 kDa remaining until 4 minutes of gastric digestion. Two strong bands could be 
observed in all gastric samples at around 12 kDa and 7 kDa with a slight smear between 
them. There were no intense bands present in the intestinal phase samples.  
 
For parvalbumin (Annex C) its intact form was still present until the second minute of 
gastric digestion with only degradation products remaining in the next two minutes. Two 
strong bands were present in further gastric digestion samples – a band of around 7 kDa in 
all gastric samples and a band of around 5 kDa until 15 minutes of gastric digestion. In 
intestinal samples, a band of approximately 10 kDa could be noticed.  
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4.7.4 In vitro digestibility of whole pork meat 
 
To analyse whether myosin light chain and parvalbumin proteins might show higher 
gastrointestinal stability when present in the matrix of the whole meat, cooked whole pork 
meat was digested following the COST INFOGEST network harmonized protocol 
(Minekus et al., 2014).  
 
 
 
Figure 17: Digested whole pork meat shows different protein banding profiles in different stages of 
digestion - Digestion samples of whole pork meat from various time points of gastric (G5 – 5 min, G10 – 10 
min, G15 – 15 min, G30 – 30 min, G60 – 60 min) and intestinal (I2 – 2 min, I5 – 5 min, I10 – 10 min, I15 – 15 
min, I60 – 60 min, I90 – 90 min) were separated on 15% SDS-PAGEs. Molecular weights (kDa) are indicated 
in the left margin. CT – control sample 
Slika 17: Vzorci različnih stopenj prebave svinjskega mesa se razlikujejo v profilu ločenih proteinov 
 
The degradation of pork muscle proteins during in vitro digestion with simulated gastric 
and small intestine fluids was assessed by SDS-PAGE on 15% SDS-gel (Figure 17). From 
the Coomassie-stained SDS-PAGE, it was impossible to determine, whether parvalbumin 
and myosin light chain were still present in their intact form. Therefore, immunoblots with 
primary antibodies directed against myosin light chain (Figure 18) and parvalbumin were 
performed (results not shown).  
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Figure 18: Myosin light chain resists gastric digestion but not necessarily intestinal - Digestion samples 
of whole pork meat from various time points of gastric (G5 – 5 min, G10 – 10 min, G15 – 15 min, G30 – 30 
min, G60 – 60 min) and intestinal (I2 – 2 min, I5 – 5 min, I10 – 10 min, I15 – 15 min, I60 – 60 min, I90 – 90 min) 
were separated on 15% SDS-PAGEs immunoblotted and exposed to rabbit anti myosin light chain and goat 
anti rabbit IgG HRP antibodies. Molecular weights (kDa) are indicated in the left margin. CT – control 
sample 
Slika 18: Miozinska lahka veriga prestane gastrično prebavo ne pa tudi nujno intestinalne 
 
Immunoblotting of digested samples from different time points of gastric and intestinal 
phases (Figure 18) revealed that myosin light chain remained intact through all stages of 
the gastric phase because a protein band at around 25 kDa was clearly seen in all the 
samples of the gastric digest (G5 to G60). However, it was apparently quickly degraded 
during intestinal digestion, because the protein bands slightly below 25 kDa and at around 
12 kDa in all the intestinal samples (I2 to I90) points were also detected by the secondary 
antibody in the negative control although they were much fainter. Bands between 10 and 
15 kDa in the gastric phase samples could be potential myosin light chain degradation 
products as their intensity was also increasing with time.  
 
Immunoblotting analysis including incubation in primary antibodies directed against 
parvalbumin did not reveal any relevant signal (results not shown). 
 
4.7.5 Folding capacity 
 
For assessment of recombinant proteins’ folding capacity, CD analysis was performed. 
Recombinant proteins all showed similar characteristics as are reported for their natural 
counterparts. CD spectra with minima at 208 nm and 227 nm and a maximum below 200 
nm are an indication of folded proteins with a prevailing α-helical secondary structure 
(Swoboda et al., 2007). In all CD spectra of recombinantly produced MLC1 (Figure 19), 
MLC3 (Figure 20) and parvalbumin (Figure 21) minima at around 208 nm and 225 nm 
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were observed along with a maximum between 190 and 195 nm, showing that all three 
recombinant proteins represent properly folded α-helical proteins.  
 
 
 
Figure 19: Far UV-CD spectra of recombinant myosin light chain 1 at 20 °C shows mainly α-helical 
secondary structure 
Slika 19: CD-spekter v daljnem UV območju rekombinantne miozinske lahke verige 1 pri 20 °C 
nakazuje prisotnost α- heličnih sekundarnih struktur 
 
 
 
Figure 20: Far UV-CD spectra of recombinant myosin light chain 3 at 20 °C shows mainly α-helical 
secondary structure 
Slika 20: CD-spekter v daljnem UV območju rekombinantne miozinske lahke verige 3 pri 20 °C 
nakazuje prisotnost α- heličnih sekundarnih struktur 
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Figure 21: Far UV-CD spectra of recombinant parvalbumin at 20 °C shows mainly α-helical secondary 
structure 
Slika 21: CD-spekter v daljnem UV območju rekombinantnega parvalbumina pri 20 °C nakazuje 
prisotnost pretežno α- heličnih sekundarnih struktur 
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5 DISCUSSION 
 
Meat allergy is in general considered a rare disease. However, its occurrence is not 
negligible, especially in connection to known syndromes such as cat-pork syndrome, α-gal, 
and others. Food processing may additionally influence the accessibility of potent allergens 
and put susceptible individuals at higher risk.  
 
In this study, we aimed to detect and identify putative meat allergens in various pork meat 
products and pork meat extracts. Upon their identification, the next step was to produce 
them in a recombinant form in bacterial expression systems and furthermore characterize 
them regarding their biochemical and structural features and partially also their 
allergenicity.  
 
5.1 IDENTIFICATION AND DETECTION OF ALLERGENS IN PORK MEAT 
PRODUCTS 
 
To verify in which meat products the putative allergen proteins can be detected, 
immunoblots were performed using allergen-specific antibodies. With a porcine serum 
albumin specific antibody, serum albumin was detected as a band of approximately 70 kDa 
in products that did not undergo excessive heat treatment and in the grilled pork extract. In 
grilled pork, the temperature during preparation did not rise as much as in boiled pork. 
Therefore, serum albumin that has been established as a thermolabile protein (Ayuso et al., 
1999; Fiocchi et al., 1998) was still present in the grilled meat in a relatively stable form. 
Serum albumin was not observed in heat treated bacon, boiled ham and boiled pork as the 
temperature during processing apparently rises to such extent that serum albumin’s 
stability and IgE reactivity are affected. A faint albumin band could also be detected in 
extra sausage, indicating that part of it is retained in this product. In addition to the 70 kDa 
protein band, protein bands of approximately 55 and 25 kDa could be observed in raw and 
in fermented, cured or smoked meat products (salami, prosciutto, bacon). These protein 
bands are most likely degradation products of serum albumin that occurred due to the 
processing of the products.  
 
On the other hand, more intense signals were detected in thermally treated meat and meat 
products when immunoblots were performed with an antibody against beef myosin light 
chain 1. The strongest band was observed in boiled pork. It seems that myosin light chain 
is one of the allergens that get more exposed by heating and other means of processing 
when it gets separated from the myosin complex, as we could not detect it with such 
intensity in raw pork. The signal in grilled pork was also weaker than the signal in boiled 
pork. Moreover, it could also happen that the protein was enriched in the boiled samples 
because heat-labile proteins had been degraded. By always evaluating the same protein 
concentration a bigger portion of the total protein content might consist of myosin light 
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chain. The signal obtained in prosciutto with the anti-myosin light chain antibody was 
unusual, because one band was recognized at the molecular weight of 24 kDa, which is 
below the observed molecular weight in all other products. A second band was recognized 
at 55 kDa, which was also present in raw pork and could represent a dimer. It has already 
been reported that during the processing of dry-cured ham or prosciutto an intense 
degradation of muscle proteins can occur mostly due to the activity of muscle enzymes as 
well as dry-cured processing and intense proteolysis that follow. At this point MLC could 
be partially hydrolysed which would cause signal detection at a slightly lower molecular 
weight (Mora et al., 2011). This would also explain some of the degradation products 
detected in, for example, salami sample. However, apart from minor changes occurring due 
to aging processes, myosin light chain isoforms are not highly susceptible to proteolytic 
enzymes which was shown in the study of Montowska and Pospiech (2011). It was also 
reported that myosin light chain degradation is in general not significantly affected by food 
processing (Montowska and Pospiech, 2012). Furthermore, we must consider that the 
primary antibodies used for detecting are polyclonal antibodies directed against beef 
myosin light chain, but as the homology among the beef and pork proteins is nearly 100%, 
we concluded that the use of these antibodies would not compromise the results.  
 
Performing the same experiment, but by using anti-parvalbumin antibodies, we were able 
to detect a faint signal in salami and prosciutto, however, a stronger signal was observed in 
boiled ham, extra sausage, boiled and grilled pork. In boiled pork, there was also a weak 
band at approximately 25 kDa which could represent a protein dimer. The weakness of the 
signal could be a consequence of the antibodies used. These are originally directed against 
frog muscle parvalbumin, but react to pig species as well, although this may not occur with 
comparable intensity. Also, since the antibodies are monoclonal, specific epitopes that they 
recognise could be destroyed during processing or just not exposed well enough to be able 
to produce a signal. Therefore, for better evaluation of parvalbumin presence in meat 
products anti-pork parvalbumin antibodies should be used in the future. Based on our 
results, we could still reach the conclusion that parvalbumin remains present in thermally 
processed products.  
 
Furthermore, we also compared the results of the immunoblots performed with the specific 
antibodies with the immunoblots performed with patients’ sera. Patients’ IgE antibodies 
were able to recognise serum albumin in the same meat products that gave signals with 
anti-pork serum albumin antibodies. There is also a signal at around 25 kDa and a bit lower 
in the case of prosciutto that could represent the myosin light chain. Although the strongest 
signal is just below 15 kDa, which corresponds to parvalbumin based on its molecular 
weight. Indeed, this protein was also detected by the anti-parvalbumin antibody in 
practically all products, with weaker intensity in salami, bacon, prosciutto and grilled pork. 
Extensive processing such as cooking of the product may be responsible for exposing 
parvalbumin, which displays stronger IgE reactivity in these products and could also be the 
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reason why parvalbumin was detected with a strong signal in boiled ham and pork, grilled 
pork and extra sausage. 
 
Overall there is one additional parameter that needs to be considered. Besides processing, 
meat product composition also plays an important role. If there is a higher percentage of 
muscle than fat, there is consequently more muscle proteins that can affect muscle protein 
allergic individuals. For example, bacon can be prepared from the pork belly or back cuts 
that typically contain fat, whereas a piece of pork muscle meat contains primarily muscle 
tissue (Honikel, 2010; Sheard, 2010).  
 
In conclusion, mass spectrometry analysis has confirmed the identity of serum albumin, 
myosin light chain 1 and 3 proteins and parvalbumin in meat products. Inhibition 
immunoblot performed with boiled pork extract verified the identity of the myosin light 
chain as one of the IgE reactive proteins by using recombinant bovine myosin light chain 
as an inhibiting protein. The latter additionally established potential cross-reactivity. Serum 
albumin has been mentioned on several occasions as meat protein eliciting allergic 
reactions, whereas to the best of our knowledge, myosin light chain has not yet been 
described as a putative mammalian allergen and parvalbumin has previously only been 
mentioned by Kuehn et al. (2011).  
 
5.2 ALLERGEN CHARACTERIZATION 
 
For further evaluation, the identified allergens were produced in a recombinant form in the 
E. coli expression system. They have been evaluated for their thermal stability, folding and 
their IgE reactivity which have all been comparable to their putative wild-type counterparts 
that were detected in meat products.  
 
5.2.1 Aggregation 
 
There is a variety of properties that may influence the presentation of food allergens to the 
immune system that happens primarily through the gut. Their stability can be affected by 
binding ligands and the number of disulphide bonds, oligomerization or aggregation, 
glycosylation and possibly interaction with lipid structures and cell membranes (Breitender 
and Clare Mills, 2005).  
 
To assess whether our recombinant proteins form higher molecular structures such as 
oligomers, we performed SDS-PAGE analyses using reducing and non-reducing buffer for 
sample preparation. The analyses showed that SMLC1 and SMLC3 form higher molecular 
weight structures, which are recognized by specific antibodies in the same way as their 
monomeric forms. The only difference in the sample buffer used for non-reducing gels was 
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the absence of 2-mercaptoethanol. Therefore, disulphide bonds between cysteines 
remained intact. In the case of SMLC3, which has 3 cysteine residues, less monomeric 
protein and more aggregates were observed. In SMLC1, which has 2 cysteine residues, 
more of the monomer form and fewer aggregates were formed. Self-aggregation is 
otherwise a known phenomenon in myosin as it enables filament formation (Zayas, 1997). 
Parvalbumin has no cysteine amino acids in its sequence so the profile of both samples was 
identical. To check if there is a difference in IgE reactivity to monomer or oligomer forms, 
immunoblot with patients’ serum would be needed to verify the use of these recombinant 
allergens in their native form.  
 
5.2.2 Thermal stability and IgE binding capacity 
 
As meat products are mostly consumed in cooked form, food allergens need to be resistant 
to heat denaturation, however, not in all cases. Protein denaturation and the loss of 
conformational epitopes could be caused by heating for some allergenic foods. Heating 
may, therefore, be the solution for those individuals that most potently respond to thermo-
labile proteins, such as serum albumin. In other cases, it seems that conformational 
epitopes may not always be crucial for eliciting an immunological response and linear 
epitopes may be the ones responsible as they are not being destroyed during cooking 
(Ayuso et al., 1999).  
 
We noticed that there is also a difference in thermal stability of a purified protein and of 
the same protein analysed in the meat extract. We were able to detect serum albumin in 
raw pork extract but not in boiled pork, which indicates the thermal instability of the 
protein that has been confirmed by Posthumus et al. (2013) when testing susceptible 
individuals that resulted in tolerating well cooked pork. However, when we analysed the 
thermal stability of purified serum albumin, we noticed its heat-stability at 95 °C for up to 
2 hours. Paschke and Besler (2002) already described longer stability of isolated bovine 
serum albumin in comparison to serum albumin present in thermally treated minced beef 
protein extracts. The proteins were not anymore observed in SDS-PAGE after heating at 
80°C for 10 min. Longer heating at 95 °C, on the other hand, caused aggregation which has 
been mentioned by previous studies of Werfel et al. (1997). Results were quite similar for 
parvalbumin, although we must again consider possible difference in the stability of 
purified recombinant protein when analysed alone or as a part of meat matrix. Parvalbumin 
is reported to be thermally stable and we were also able to detect it in thermally processed 
products. Moreover, we must additionally reflect on the extent of applied conditions, as 
overnight incubation at 95 °C cannot be regarded as a standard cooking procedure.  
 
In the case of myosin light chain, results were different. It even seems that the signal of 
IgE binding enhances, if the protein is heated for a longer time as the overnight sample 
seems to have the strongest IgE reactivity. The high temperature after a longer period does 
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not denature myosin light chain, even though there are some detectable degradation 
products and aggregates. The protein still retains its IgE binding capability which also 
explains its presence and IgE reactivity in thermally treated products.  
 
IgE binding capacity of recombinant myosin light chain and parvalbumin recombinant 
proteins was confirmed when testing the recombinant allergens for thermal stability. 
Patients’ IgE antibodies were able to bind reduced protein separated by SDS-PAGE and 
transferred to a nitrocellulose membrane. Due to the lack of reactive patients’ sera, we 
were not able to confirm the IgE binding capacity of recombinant proteins by means of 
enzyme-linked immunosorbent assay (ELISA). In further research of recombinant allergen 
potential for diagnostics it would be necessary to confirm IgE binding to a protein in its 
native form as well.  
 
Moreover, for the establishment of a putative allergen as a responsible factor in 
sensitization, it is considered that among patients allergic to a given food source, more than 
50% of the should react to this allergen for it to be perceived as major (Chruscz et al., 
2013). Due to the already mentioned lack of allergen specific patient sera, we have not 
been able to determine, whether myosin light chain or parvalbumin represent major 
porcine allergens. 
 
5.2.3 Digestibility 
 
The molecular structure of an allergen and its integrity play an important role in an 
allergen’s susceptibility to digestion. The three-dimensional structure, for example, 
influences the accessibility of cleavage sites to proteases (Pekar et al., 2018). Another 
influencing parameter is the food matrix that can potentially lead to decreased protein 
digestibility in the stomach. Allergenic epitopes can in both cases be preserved and might 
interact with the immune system in the intestine. Type 1 or complete food allergens are 
believed to have the capability of inducing IgE sensitization through the gastrointestinal 
tract’s mucosa and are therefore regarded as heat and acid-stable (Nowak-Wegrzyn and 
Fiocchi, 2009).  
 
To evaluate the potential of recombinant proteins to persist digestion, a simplified version 
of a previously proposed physiologically relevant digestion model was used (Moreno et al., 
2005). The results showed that recombinantly produced allergens do not resist gastric 
digestion. The cooked whole pork meat was digested following the COST INFOGEST 
network harmonized protocol (Minekus et al., 2014). A protein may show higher 
gastrointestinal stability when it is a part of the meat matrix. The effect of food matrix 
could thus be the reason why we were able to detect myosin light chain throughout the 
whole gastric phase and possibly into the intestinal phase, but observed its degradation 
when digested in recombinant form. To evaluate whether degradation products, which may 
58 
Marin Ž. Characterization of allergens in meat products. 
    M. Sc. Thesis. Ljubljana, Univ. of Ljubljana, Biotechnical Faculty, Academic Study in Biotechnology, 2019 
be responsible for IgE reactivity, remained, further analysis with patients’ sera should be 
performed. Another potential reason for increased digestibility of recombinant proteins 
could be due to differences in the molecular structure of recombinant and native proteins. 
If the structure of the recombinant protein is more flexible than the structure of the native 
counterpart, it may enable easier access of the enzymes to peptide bonds and allow 
enzymatic cleavage (Pekar et al., 2018).  
 
As we were not able to detect parvalbumin in the digestion samples of whole pork meat, 
we cannot determine if the protein gets degraded. When the membranes were exposed for a 
longer period, several bands were observed at the molecular weight of parvalbumin, but 
there was also very high intensity of background noise that disabled proper evaluation. 
Positive control in the form of boiled pork extract, for which we have previously proven 
the presence of a signal that could account for parvalbumin, was used when performing the 
experiment. We can thus be certain that the antibodies worked properly as well as that 
parvalbumin is in general present in boiled pork meat. The reason why no parvalbumin 
was detected in the digested samples probably lies in inadequate exposure of the 
immunoblot, in too low concentrations of parvalbumin in the samples or in the detection 
limitations of monoclonal antibodies against parvalbumin epitopes.  
 
Another point that we must take into account when considering allergen digestibility 
evaluated in vitro is the simplifications that we introduce to the protocol, especially for 
solid and semi-solid food matrices. In the in vivo process, chyme progresses through the 
gastrointestinal tract continuously, and changes in enzyme activity and pH do not occur 
instantly as is the case in the static models where dynamics do not fully resemble in vivo 
state (Egger et al., 2015).  
 
5.2.4 Folding capacity 
 
Folding of proteins is essential for their function as well as in the case of allergens their 
IgE binding potential. CD spectroscopy can be used to verify protein folding and a variety 
of other protein characteristics. This can be achieved by applying different conditions: by 
increasing the temperature the thermal stability can be evaluated, by addition of reducing 
agents the effect of dimerization and aggregation can be tested and for calcium-binding 
proteins the influence of calcium on stability can be analysed (Swoboda et al., 2007).  
 
CD spectroscopy analysis of recombinantly produced proteins revealed folding equivalent 
to their native counterparts. Folding of allergens is important due to the influence it has on 
epitope accessibility and in the case of conformational epitopes also the presence of the 
epitopes. All recombinant proteins showed a predominantly α-helical structure. To be able 
to confirm whether they can also bind IgEs in their native form and if they are a useful tool 
for in vitro tests, analyses using not denatured proteins should be performed (e.g. ELISA). 
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6 CONCLUSION 
 
Meat allergy is a rare disease. However, it is interesting that there are cases where it is 
observed after all, as mammals and humans are evolutionary very similar. It has thus been 
suggested that an allergy to mammalian proteins indicates the borderline between 
discrimination of foreign and human proteins (Spitzauer, 1999).  
 
In this study, we managed to detect and identify allergenic proteins in processed meat 
products. Serum albumin that is a well-established allergen in milk, meat and epithelia 
allergy (Matsuo, 2015) is also present and IgE reactive in pork meat products. 
Additionally, we were able to detect and identify myosin light chain and parvalbumin 
proteins as allergens present in pork meat products.  
 
Since in the IgE immunoblots different proteins were detected by patients’ IgE antibodies 
with variable intensity and some were completely absent from certain meat products, we 
can confirm that food processing influences the allergenicity of meat proteins, especially 
with thermal processing having a major impact on thermo-labile proteins. 
 
Further evaluation of identified allergens produced in a recombinant form in the E. coli 
expression system regarding their thermal stability, folding and their IgE reactivity has 
confirmed that recombinant allergens are comparable to their counterparts that were 
detected in meat products. Thus, these recombinant allergens can be used as the first tool in 
further research and assessment of meat allergy. However, future studies including a higher 
number of patients and additional characterization of allergens are crucial for a better 
understanding of meat allergy and for a better diagnosis of meat allergic individuals. 
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7 SUMMARY (POVZETEK) 
 
7.1 SUMMARY 
 
Meat and meat products are an important source of proteins and a mainstay of the Western 
diet. Allergy to mammalian meat and mammalian meat products is an unusual event since 
mammals and humans are closely related species and thus most of their proteins share a 
high percentage of sequence identity. Nevertheless, the prevalence of meat allergy is not 
negligible, especially in the form of cat-pork syndrome or α-gal syndrome. Food 
processing may influence the accessibility of meat allergens and can put susceptible 
individuals at higher risk. It is challenging to accurately estimate meat allergy prevalence. 
Even though several case reports have been published, only a few meat allergens have 
been identified so far. Allergen identification and characterisation is thus crucial for better 
understanding of meat allergy occurrence as well as for its diagnosis, avoidance 
recommendations, and treatment strategies. The aim of this thesis was to identify and 
detect putative meat allergens (serum albumin, myosin light chain and parvalbumin) in 
various pork meat products and pork meat extracts and to produce meat allergens in a 
recombinant form in a bacterial expression system.  
 
In the first part of this work, putative meat allergens in different pork meat products and 
pork meat extracts were detected. Salami, bacon, prosciutto, blood sausage, liver sausage, 
ham, and “extra” sausage, as well as raw pork muscle meat, were purchased in a local 
butcher’s shop. Before the preparation of the extracts, individual meat products were 
additionally processed by cooking or grilling. Separation of proteins according to their 
molecular weight by SDS-PAGE showed differences in protein banding patterns among 
the extracts. Immunoblots were performed using allergen-specific antibodies. Serum 
albumin, which is known as a thermolabile protein, was detected in products that did not 
undergo excessive heat treatment and small amounts of albumin were also found in grilled 
pork extract. Myosin light chain and parvalbumin, known as heat resistant proteins, were, 
on the other hand, still present in thermally treated products. Additional immunoblots were 
performed with a pool of sera obtained from patients that presented episodes of allergic 
reactions after mammalian meat ingestion and were positive in skin prick tests and 
serological analyses. IgE reactive proteins were recognized at the molecular weights of 
putative allergens. Mass spectrometry analysis of manually excised IgE reactive protein 
bands from two representative products (salami and boiled ham) separated by SDS-PAGE 
confirmed the identity of serum albumin, myosin light chain 1 and 3 and parvalbumin. 
Moreover, the identity of the myosin light chain was also verified by using recombinant 
bovine myosin light chain as an inhibiting protein which additionally established cross-
reactivity between myosin light chain of beef and porcine origin.  
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The second part of the work was focused on the production of recombinant meat allergens 
in the Escherichia coli expression system and the characterization of the allergens. 
Bacterial expression plasmids containing the cDNAs coding for myosin light chain 1 and 3 
were already present in the laboratory, whereas a cDNA coding for porcine parvalbumin 
still had to be cloned into the expression vector pET-17b. All plasmids were amplified in 
E. coli and isolated using mini and/or midi preparations. Recombinant proteins were 
expressed in Escherichia coli. Optimal times for induction of protein expression and 
protein solubility under native conditions were evaluated. All recombinant allergens were 
produced on a large scale at 37°C. Protein production was induced by IPTG and bacteria 
were grown for a certain period before harvesting. The proteins were extracted under 
native conditions and purified by nickel affinity chromatography.  
 
Recombinantly produced allergens were characterized regarding their thermal stability, 
aggregation, digestibility and folding capacity. As meat products are mostly consumed in a 
cooked form, heat treatment might help individuals allergic to thermolabile proteins such 
as serum albumin. However, there seems to be a difference in the thermal stability of a 
purified protein analysed in vitro and of the same protein analysed in the meat matrix. This 
was shown for serum albumin. It was reported as being tolerated by patients when they 
ingested heat-treated pork meat, but it was still recognized by patients’ IgEs in vitro. As 
thermally stable proteins, myosin light chain and to a lesser extent parvalbumin retained 
their allergenicity and stability even after extensive thermal treatment. 
 
Aggregation and formation of disulphide bonds as properties that can stabilize allergens 
were assessed by analysis of recombinant allergens by SDS-PAGE under non-reducing 
conditions. Absence of reducing agent 2-mercaptoethanol in the SDS-PAGE sample buffer 
maintains the disulphide bonds between cysteine residues. The formation of dimers, higher 
oligomers and aggregates was indeed observed for pork myosin light chain 1 and 3 under 
non-reducing conditions. We further noticed that the occurrence of aggregates correlated 
with the number of cysteine residues occurring in the amino acid sequence of the allergens.  
 
In vitro digestion was performed for both recombinant allergens and whole pork meat 
following two different protocols. Whereas none of the recombinant proteins resisted in 
vitro digestion neither in the gastric nor in the intestinal phase, we were able to detect 
intact myosin light chain throughout the whole gastric digestion and partially also into the 
intestinal phase. The observed differences could be attributed to the influence of the food 
matrix that can reduce protein digestibility. Additionally, variability in structure flexibility 
can enable easier access of the enzymes to the peptide bonds of recombinant proteins thus 
facilitating their digestion.  
 
Finally, the protein folding capacity was evaluated by circular dichroism spectroscopy. 
Protein folding is essential for protein’s function as well as in the case of allergens the IgE 
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binding potential due to epitope accessibility or presence of conformational epitopes. All 
analysed recombinant proteins showed a predominantly α-helical structure that matched 
the structure reported for their native form.  
 
Evaluation of the recombinantly produced allergens showed thermal stability, folding and 
IgE reactivity comparable to their natural counterparts present in meat products. The 
recombinant allergens can be used as tools in further research and assessment of meat 
allergy. However, further studies including a higher number of patients and additional 
characterization of allergens are crucial for a better understanding of meat allergy and for 
improved diagnosis of meat allergic individuals.  
 
7.2 POVZETEK 
 
Hrana je bistven del našega vsakdana, saj zagotavlja vir hranil in energije ter tako omogoča 
optimalno delovanje in razvoj organizmov. Kljub temu pa ima lahko kot vzrok za 
alergijske reakcije in različne intolerance tudi negativen vpliv. Pojem alergija na hrano 
opiše nezaželen imunski odziv, ki se ponovi ob vsakokratni izpostavitvi določenemu viru 
hrane (Boyce in sod., 2011) in se razlikuje od intolerance na hrano, farmakoloških in s 
toksini posredovanih reakcij (Schneider Chafen in sod., 2010). S hrano povzročene 
alergijske reakcije so navadno t.i. z IgE-posredovane reakcije ali reakcije tipa I, katerih 
značilne znake lahko opazimo kmalu po zaužitju (Mathias in sod., 2011). Le-ti lahko 
segajo od milejših, kot so slabost, bruhanje, trebušni krči in driska (Carrera in sod, 2012) 
pa do življenjsko ogrožajoče anafilaktične reakcije (Cianferoni in Spergel, 2009). Tekom 
priprave hrane so potencialno alergeni proteini že lahko izpostavljeni denaturaciji zaradi 
različnih oblik obdelave, kot je npr. toplotna med kuhanjem. Posamezni proteini in peptidi, 
ki kasneje prestanejo še nizke vrednosti pH v želodcu in jih encimi gastrointestinalnega 
trakta ne razgradijo, lahko preidejo epitelijsko pregrado v črevesju (Chinthrajah in sod., 
2016). Tam jih internalizirajo antigen predstavitvene celice, z MHC II predstavijo naivnim 
celicam CD4+ T, ki se diferencirajo v celice T 2 pomagalke in pričnejo proizvajati 
citokine. Ti v antigen specifičnih B limfocitih sprožijo preklop v proizvodnjo protiteles 
IgE, ki se vežejo na receptorje FcεRI na površini efektorskih celic. Ta prva faza 
izpostavitve alergenu povzroči sensibilizacijo. Ob vsakem nadaljnjem stiku se alergeni 
vežejo na zanje specifična protitelesa IgE povezana z receptorji FcεRI in tvorijo kompleks, 
ki v naslednjih korakih rezultira v degranulaciji efektorskih celic in sprostitvi različnih 
mediatorjev vnetja, ki so vzrok kliničnih znakov alergijske reakcije (Kumar in sod., 2012; 
Abbas in sod., 2015).  
 
Več kot 170 virov hrane, ki skupaj vsebujejo približno 400 različnih proteinov, je bilo 
identificiranih kot potencialno alergenih (Boyce in sod, 2010), a so vzrok za večino 
alergijskih reakcij mleko, žito, jajca, ribe, soja, oreščki, lupinarji, rakci in arašidi (Burks in 
sod., 2012). Alergijsko reakcijo lahko izzovejo tudi drugi viri hrane, a navadno zgolj v 
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majhnem številu posameznikov. Meso in mesni izdelki so pomemben vir beljakovin in 
tako redno prisotni v vsakodnevni prehrani. Po poročanju FAO naj bi se globalna poraba 
svinjskega mesa med letoma 1990 in 2009 povečala za približno 20 % (Henchion in sod., 
2014). Sočasno je bilo poročano tudi naraščanje števila posameznikov z alergijo na meso, 
kljub temu, da v splošnem ne gre za pogost tip alergije (Wilson in Platts-Mills, 2018). Na 
seznam Svetovne zdravstvene organizacije je bil do sedaj uvrščen zgolj en alergen, ki 
izvira iz domačega prašiča (Sus scrofa) - Sus s 1 (allergen.org, WHO/IUIS, 2018). Alergija 
na svinjsko meso je navadno opažena v povezavi z alergijo na meso drugih sesalcev ali pa 
v obliki sindroma »mačka-prašič«. Pri slednjem gre za navzkrižno reaktivnost pri čemer je 
primarna sensibilizacija posledica mačjega serumskega albumina, ki je aeroalergen in 
navzkrižne reaktivnosti na prašičji serumski albumin zaužit v obliki svinjskega mesa. 
Zaradi visoke stopnje homologije med proteinoma, sta oba prepoznana s pacientovimi 
protitelesi IgE (Hilger in sod., 1997). Drug pogost sindrom, ki je v zadnjem času vzbudil 
precej pozornosti in postal pogosto raziskovan je t.i. α-gal sindrom, o katerem so prvič 
poročali v letu 2008 (Chung in sod., 2008). V tem primeru je za sensibilizacijo odgovoren 
ugriz klopa, za alergijske reakcije pa oligosaharid galaktoza-α-1,3-galaktoza, ki je pogosto 
prisoten v mesu sesalcev (Commins in sod., 2009).  
 
Izključitev virov hrane, ki so lahko vzrok alergij, je trenutno še vedno priporočljiva rešitev 
za občutljive posameznike (Yu in sod., 2018), kar pa zaradi velike verjetnosti za 
navzkrižno reaktivnost med alergeni, ki izvirajo iz sorodnih vrst, lahko predstavlja dodatno 
težavo pri predpisovanju optimalne diete (Chruszcz in sod., 2013). Trg ponuja širok nabor 
mesnih produktov, ki se razlikujejo v svoji sestavi kot tudi načinu proizvodnje in nadaljnji 
pripravi. Procesi, ki so jim izdelki podvrženi tekom proizvodnje, zagotavljajo stabilnost 
proizvodov z inhibicijo rasti patogenov in imajo vpliv na razvoj barve in okusa ter drugih 
karakteristik izdelka, vplivajo pa lahko tudi na proteine, prisotne v proizvodu. Navadno je 
za pripravo produkta potrebna kombinacija več različnih procesov in sicer od rezanja, 
mletja, mešanja, polnjenja, oblikovanja, sušenja, zorenja, dimljenja do fermentiranja. 
Posledično lahko različna tretiranja izdelkov npr. povzročijo izgubo alergenih epitopov ali 
razgradnjo alergenov in za občutljive posameznike ti izdelki ne predstavljajo več 
nevarnosti ob zaužitju. Identifikacija alergenov in opredelitev njihovih značilnosti sta tako 
ključnega pomena za razumevanje pojava alergije na hrano, kot tudi za izboljšanje njene 
diagnostike in zdravljenja. Komercialno dostopni alergeni, pripravljeni iz naravnih 
izvlečkov, ki vsebujejo tako nedefinirane alergene kot tudi nealergene komponente in so 
slabše kakovosti, še vedno prevladujejo v diagnostičnih postopkih. Njihova zamenjava za 
rekombinantno proizvedene alergene bi lahko omogočila bolj zanesljivo in natančno 
diagnostiko, prav tako pa bi bilo alergene v tej obliki možno uporabiti za namen alergen-
specifične imunoterapije (Matuso in sod., 2015).  
 
Cilj te magistrske naloge je bil identificirati domnevne mesne alergene v različnih mesnih 
izdelkih in svežem mesu svinjskega izvora ter jih v naslednji fazi proizvesti v 
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rekombinantni obliki v bakterijskih ekspresijskih sistemih. Dodatno smo želeli proizvedene 
alergene okarakterizirati glede njihovih biokemijskih in strukturnih značilnosti, kot tudi 
njihove alergenosti. Predvideli smo, da so alergeni proteini prisotni ne samo v 
neobdelanem svinjskem mestu, ampak tudi v mesnih izdelkih in da postopki procesiranja 
mesnih izdelkov vplivajo na alergenost posameznih mesnih proteinov. Poleg tega smo 
domnevali, da bi bili proizvedeni rekombinantni alergeni lahko primerno izhodišče za 
nadaljnje raziskave alergij na meso.  
 
Za detekcijo alergenih proteinov v mesnih izdelkih smo pripravili oz. uporabili predhodno 
pripravljene ekstrakte proteinov iz teh izdelkov. Salama, slanina, pršut, različne vrste 
klobas, šunka in kos surovega svinjskega stegna so bili kupljeni pri lokalnem mesarju. 
Produkte, ki so pred zaužitjem navadno toplotno obdelani, smo za namen posnemanja 
običajne domače priprave predhodno skuhali ali spekli. Končna koncentracija proteinov v 
ekstraktu je bila določena z metodo po Bradfordu, pri čemer je bil kot standard uporabljen 
goveji serumski albumin. Proteini so bili ločeni glede na njihovo molekulsko maso na 
poliakrilamidni gelski elektroforezi v prisotnosti natrijevega lavril sulfata. Po zaključeni 
ločbi je bil gel barvan z barvilom Coomassie ali pa so bili proteini z metodo po Westernu 
preneseni na nitrocelulozno membrano. Nevezana mesta na membrani so bila blokirana s 
humanim serumskim albuminom. Za namen detekcije prisotnosti potencialnih alergenov je 
bila membrana inkubirana s komercialnimi primarnimi protitelesi proti serumskemu 
albuminu, miozinski lahki verigi in parvalbuminu ali pa s serumom pacientov, pri katerih 
so bili po zaužitju mesa sesalcev zaznani tipični klinični znaki alergijske reakcije. Dodatno 
so bili za izbrane paciente rezultati kožnega in serološkega testiranja pozitivni v primeru 
rdečega mesa. Glede na izbrano primarno protitelo, smo membrano nato inkubirali z 
ustreznimi sekundarnimi protitelesi označenimi s hrenovo peroksidazo in po dodatku 
substrata izvedli detekcijo signala.  
 
Albumini so proteini, ki so dobro zastopani v krvni plazmi ter vpleteni v regulacijo 
osmotskega pritiska, transport različnih molekul in vzdrževanje ustrezne ravni pH. Iz 
kapilar epitelijskih celic lahko s transcitozo prehajajo v druga tkiva, kot so mlečne žleze in 
mišice. Posledično lahko njihovo prisotnost zaznamo v hrani živalskega izvora (jajca, 
mleko in meso) (Liccardi in sod., 2011). So proteini s prevladujočo strukturo α-vijačnic in 
molekulsko maso približno 70 kDa. Več kot 25 serumskih albuminov iz različnih vrst je 
bilo do sedaj identificiranih kot potencialnih alergenov in 7 izmed njih uvrščenih na 
seznam WHO/IUIS (allergen.org, WHO/IUIS, 2019). Njihova zaporedja in konformacija 
so visoko ohranjeni med živalskimi vrstami sesalcev in ptic, kar je vzrok pogoste 
navzkrižne reaktivnosti. Posledica le-te je npr. že omenjeni sindrom »mačka-prašič« 
(Chruszcz in sod., 2013) in pa tudi sindrom »ptič-jajce« (Hemmer in sod., 2016).  
 
Serumski albumin smo lahko zaznali v salami, neobdelani slanini, pršutu, surovem in 
pečenem svinjskem mesu v velikostnem območju 70 kDa, kar ustreza njegovi molekulski 
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masi. V istih vzorcih smo nekoliko šibkejši signal zaznali okrog 25, 45 in 55 kDa, kar 
nakazuje na prisotnost razgradnih produktov. Dodatno je bil šibak signal opažen v dveh 
vzorcih ekstraktov klobas, a le pri 70 kDa. Serumski albumin smo lahko detektirali v 
izdelkih, ki niso toplotno obdelani, kar je v skladu z ugotovitvami prehodnih študij, ki so 
potrdile njegovo termolabilnost (Ayuso in sod., 1999; Fiocchi in sod., 1998). V pečenem 
mesu kjer smo lahko opazili šibkejši signal, temperatura med samo pripravo najbrž ne 
naraste v zadostni meri, zaradi česar je serumski albumin še vedno možno detektirati.  
 
Miozini predstavljajo heksamere mišičnih proteinov, ki so odgovorni za interakcijo z 
aktinom in hidrolizo adenozina trifosfat, kar omogoči skrčitev mišic in s tem premikanje. 
Posamezne enote so velike približno 500 kDa in so sestavljene iz dveh težkih verig in 
nanje pripetih lahkih verig (Sellers, 2000). Miozinski lahki verigi 1 in 3 sta dve izoformi 
esencialnih lahkih verig z molekulsko maso 20-25 kDa (Montowska in Pospiech, 2011). 
Lit v 3 je bil prvi alergen pripisan miozinski lahki verigi iz kozice Litopenaeus vannamei 
(Ayuso in sod., 2008), kateremu je sledil še Gal d 7, kokošja miozinska lahka veriga 1 
(Klug in sod., 2013).  
 
Miozinsko lahko verigo smo lahko zaznali v velikostnem območju 25 kDa v vseh izdelkih 
z izjemo dveh vzorcev klobas. Najmočnejši signal je bil opažen v vzorcu kuhanega 
svinjskega mesa. V primeru pršuta je bil signal opažen nekoliko nižje, kar lahko nakazuje 
na delno hidrolizo (Mora in sod., 2011), ki bi lahko bila vzrok za nastanek fragmentov, ki 
smo jih npr. opazili tudi v vzorcu salame. Dodatno smo v primeru neobdelane slanine in 
surovega mesa zaznali signal v območju molekulske mase 100 kDa in s tem potencialne 
oligomere. Miozinska lahka veriga je sicer precej odporna na obdelavo (Montowska in 
Pospiech, 2011) in razgradnjo s proteolitičnimi encimi. Največji vpliv ima najbrž razpad 
miozinske heksamerne enote kot posledica encimske razgradnje in povišane temperature, 
zaradi česar pride do izpostavitve posameznih miozinskih lahkih verig in njihove olajšane 
detekcije. Dodatno moramo upoštevati, da so bila kot primarna protitelesa uporabljena 
protitelesa specifična za goveji protein, a smo zaradi visoke homologije med govejo in 
prašičjo miozinsko lahko verigo zaključili, da uporaba omenjenih protiteles ne bo imela 
bistvenega vpliva na rezultate.   
 
Parvalbumini so mišični proteini, ki spadajo v družino kalcij vezavnih proteinov z EF 
domenami. Dodatno jih lahko delimo v skupini α- in β-parvalbuminov. Slednji so 
najpogosteje prisotni v ribah, ne pa tudi pri sesalcih ali človeku. Pri teh prevladujejo α-
parvalbumini (Jenkins in sod., 2007). Njihova molekulska masa je približno 12 kDa, 
osrednja vloga pa sodelovanje v procesu relaksacije mišic (Heizmann in sod., 1982). 
Parvalbumini so najpomembnejši ribji alergeni in so visoko temperaturno stabilni kot tudi 
odporni na razgradnjo z encimi, domnevno zaradi vezanega kalcija in magnezija, ki 
omogočata dodatno stabilizacijo (Kuehn in sod., 2014). Čeprav so parvalbumini znani in 
pomembni ribji alergeni, so bili kot potencialni alergeni sesalcev omenjeni zgolj v okviru 
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individualnega primera pacientke z alergijsko reakcijo po zaužitju piščančjega mesa. Njena 
protitelesa IgE so navzkrižno prepoznala tudi homologne proteine prašiča, konja, goveda, 
ne pa tudi ribjih β-parvalbuminov (Kuehn in sod., 2009).  
 
Parvalbumin je bil opažen v vzorcu kuhane šunke, »ekstra« klobase, kuhanega in pečenega 
mesa in z manjšo intenziteto v primeru salame in pršuta pri 14 kDa. V vzorcu kuhanega 
mesa je bil dodaten signal zaznan okrog 25 kDa in bi lahko predstavljal proteinski dimer. 
Slabša intenziteta detektiranega signala bi lahko bila posledica uporabe primarnih 
protiteles specifičnih za žabji parvalbumin. Ta so po navedbah proizvajalca sicer sposobna 
prepoznati tudi prašičji parvalbumin, a je njihova dodatna pomanjkljivost monoklonalnost. 
Specifični epitopi, ki jih ta protitelesa prepoznajo bi lahko bili npr. uničeni tekom procesa 
obdelave, kar bi posledično vplivalo na intenziteto oz. samo prisotnost signala. Na podlagi 
pridobljenih rezultatov vseeno lahko zaključimo, da je parvalbumin prisoten v toplotno 
obdelanih izdelkih.  
 
Za namen detekcije proteinov v ekstraktih, ki reagirajo s protitelesi IgE v serumu 
pacientov, smo analizirali izbrane vzorce. Prepoznani so bili proteini različnih velikosti. V 
območju velikosti 70 kDa in 25 kDa, kar ustreza molekulski masi serumskega albumina in 
njegovih razgradnih produktov, smo zaznali signal v vzorcih salame, neobdelane slanine in 
pršuta, ter v območju 70 kDa tudi v vzorcih »ekstra« klobase in pečenega mesa. V vseh 
vzorcih smo zaznali signal v območju velikosti miozinske lahke verige (25 kDa), z izjemo 
pršuta in slanine kjer je bil šibkejši signal zaznan pri 23 kDa. Najmočnejši signal se je 
pojavil okrog 14 kDa, kar se ujema z molekulsko maso parvalbumina, pri šunki, »ekstra« 
klobasi in kuhanem mesu ter z nekoliko manjšo intenziteto tudi v drugih vzorcih.  
 
Identiteta teh proteinov je bila potrjena z masno spektrometrijo. Za analizo sta bila izbrana 
vzorca salame in kuhane šunke, saj sta ta dva produkta v procesu proizvodnje obdelana na 
različna načina in tako podvržena reprezentativnim postopkom. Rezultati so potrdili 
identiteto serumskega albumina kot tudi njegovih razgradnih produktov, tropomiozina, treh 
neokarakteriziranih proteinov in miozinske lahke verige (izoforma 3). Aminokislinska 
zaporedja neokarakteriziranih proteinov smo primerjali z znanimi zaporedji miozinske 
lahke verige in parvalbumina. Ugotovili smo, da se 98% oziroma 100% identitete 
zaporedja neokarakteriziranih proteinov ujema s 97% oziroma 78% znanega zaporedja 
miozinske lahke verige (izoforma 1) in parvalbumina.  
 
Dodatno smo identiteto miozinske lahke verige potrdili z analizo ločenih proteinov vzorca 
kuhane šunke, ki smo jih z metodo prenosa po Westernu prenesli na nitrocelulozno 
membrano in izpostavili serumu pacientov, ki je bil predhodno inkubiran z rekombinantno 
proizvedeno govejo miozinsko lahko verigo 1. Le-ta je inhibirala protitelesa IgE v serumu 
pacientov, ki se zato niso vezali na protein na nitrocelulozni membrani in signala v 
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območju 25 kDa posledično nismo več opazili. Kot negativno kontrolo smo uporabili ne 
inhibiran serum pacientov, kjer je bil pričakovan signal jasno zaznan.  
 
Kloniranje in ekspresija alergenov v heterolognih gostiteljih sta odprla dodatne možnosti 
za študije alergij in omogočila nove pristope za izboljšanje diagnostike in terapije. 
Rekombinantni proteini so lahko proizvedeni v različnih ekspresijskih sistemih, pri čemer 
je Escherichia coli eden najpogosteje uporabljenih bakterijskih sistemov, saj omogoča 
enostaven vnos cDNA vključkov z različnimi značkami za enostavnejšo čiščenje, ligiranih 
v ekspresijske plazmide (Young in sod., 2012).  
 
Po identifikaciji miozinske lahke verige (izoforme 1 in 3) in parvalbumina, smo alergene 
proizvedli v rekombinantni obliki. Plazmida s cDNA, ki kodirata miozinsko lahko verigo 1 
in 3, sta bila predhodno pripravljena, medtem ko smo plazmid s cDNA za parvalbumin 
klonirali v ekspresijski vektor pET17-b. Sintetizirali smo oligonukleotidne začetnike za 
namnožitev cDNA zapisa za parvalbumin z reakcijo z verižno polimerazo. Z 
restrikcijskima encimoma NdeI in XhoI smo ustvarili »lepljive« konce in ligirali insert v 
pripravljen plazmid. Po transformaciji E. coli (sev XL 1-Blue) s produktom ligacijske 
reakcije, smo kolonijo, ki je pokazala prisotnost vključka na agarozni elektroforezi po 
inkubaciji z restrikcijskimi encimi, nadalje namnožili in pripravili večjo količino 
plazmidne DNA. Vsi proizvedeni plazmidi so bili preverjeni s sekvenciranjem za potrditev 
skladnosti prepisa. Za ekspresijo rekombinantnega proteina smo transformirali E. coli (sev 
BL-21) s posameznim plazmidom. V manjšem volumnu kulture smo določili optimalno 
temperaturo gojenja in čas kultivacije po indukciji produkcije z IPTG po doseženi 
vrednosti OD600 = 0.5. Za pridobitev miozinske lahke verige 1 smo kulturo gojili nadaljnjo 
eno uro po indukciji, v primeru miozinske lahke verige 3 in parvalbumina pa dve uri. V 
vseh primerih smo po končanem gojenju celice zbrali s centrifugiranjem in nadalje očistili 
protein iz topne frakcije celičnega lizata. Označba proteinov z značko His je omogočila 
izolacijo proteinov z nikelj agarozno afinitetno kromatografijo. Koncentracijo izoliranega 
proteina smo določil z metodo BCA pri čemer smo kot standard uporabili goveji serumski 
albumin.  
 
Rekombinantno proizvedene alergene smo ločili na poliakrilamidni gelski elektroforezi in 
barvali z barvilom Coomassie. Obe izoformi miozinske lahke verige smo lahko zaznali v 
velikostnem območju 25 kDa, parvalbumin pa okrog 14 kDa. Pri višjih ali nižjih 
molekulskih masah nismo opazili dodatnega signala.  
 
Večini prehranskih alergenom lahko pripišemo določene fizikalno-kemijske lastnosti po 
katerih se razlikujejo od nealergenih komponent hrane, a kljub vsemu le-te niso vedno 
skupne vsem tem alergenom (Pekar in sod., 2018). Ključna značilnost je zagotovo njihova 
alergenost, ki jo lahko opišemo kot sposobnost alergenov, da izzovejo proizvodnjo 
protiteles IgE (Aalberse, 2000). Poleg tega so pomembni tudi njihova velikost, topnost 
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(Huby in sod., 2000), zvitje in toplotna stabilnost kot tudi odpornost na razgradnjo s 
proteolitičnimi encimi (Aalberse in sod., 2000). V primeru prehranskih alergenov je 
dodatno pomemben tudi vpliv, ki ga imajo na vse te lastnosti obdelava pred zaužitjem in 
prehranski matriks (Jiménez-Saiz in sod., 2014; Nowak-Wegrzyn in Fiocchi, 2009).  
 
Večinoma so alergeni proteini z linearnimi ali strukturnimi epitopi, ki jih prepoznajo 
protitelesa IgE. V primeru linearnih epitopov je za vezavo IgE ključno aminokislinsko 
zaporedje, med tem ko sta pri strukturnih epitopih pomembni tudi sekundarna oz. terciarna 
struktura. V primeru alergij na hrano naj bi bili po nekaterih navedbah pogostejši linearni 
epitopi, ki kljub potencialni denaturaciji in razgradnji v gastrointestinalnem traktu, lahko 
povzročijo sensibilizacijo imunskih celic po prehodu epitelijske pregrade v črevesju 
(Bannon, 2004). V primeru rekombinantno proizvedenih alergenov in njihove nadaljnje 
uporabe za namene različnih analiz je pravilno zvitje proteina ključnega pomena, saj je s 
tem pogojen obstoj strukturnih epitopov oz. dostopnost linearnih.  
 
Cirkularni dikroizem omogoča hitro analizo sekundarne strukture proteinov in spremembe 
le-te, ki jih lahko povzročijo različni pogoji (povišana temperatura, prisotnost reducentov, 
vpliv kalcijevih ionov) (Swoboda in sod., 2007). Tekom analize polarizirajoča svetloba 
stopa v interakcijo z optično aktivnimi skupinami proteina. Razlika v absorpcijskih 
spektrih levo- in desno-krožno polarizirane svetlobe poda od valovne dolžine odvisen CD 
spekter, ki v daljnem območju UV omogoči določitev sekundarne strukture proteinov v 
raztopini (Verdino in Keller, 2004).  
 
Analiza zvitja rekombinantnih alergenov s CD spektroskopijo je pokazala ujemanje 
sekundarne strukture proizvedenih proteinov s poročano. V vseh primerih so proteini 
kazali pretežno α-helično strukturo. Tekom priprave dela smo imeli namen preveriti tudi 
njihovo sposobnost vezave protiteles IgE v nativni obliki (npr. z ELISA tehniko) in s tem 
oceniti potencialno uporabnost v in vitro testih, a zaradi pomanjkanja seruma pacientov s 
protitelesi IgE specifičnimi za miozinsko lahko verigo in parvalbumin, analize nismo 
mogli izvesti.  
 
Toplotna stabilnost alergenov v mesu in mesnih izdelkih je zaradi pogosto prisotne 
toplotne obdelave tekom industrijskega procesiranja ali domače priprave pomembna 
karakteristika. Povišana temperatura (npr. med kuhanjem) lahko namreč povzroči 
modifikacijo ali eliminacijo epitopov termolabilnih alergenov, kot je npr. serumski 
albumin. Pri temperaturah, ki presežejo temperaturo taljenja proteina, pride do njegovega 
razvitja in porušenja tridimenzionalne strukture. Pri toplotno stabilnih proteinih se ta lahko 
povrne v prvotno obliko, kar omogoči prepoznavanje in vezavo protiteles IgE. Slednja 
lahko prepoznajo tudi novo nastale strukturne epitope, ki so posledica drugačnega zvitja ali 
pa stabilne linearne epitope (Fiocchi in sod., 2004). Povišana temperatura lahko med 
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drugim povzroči tudi formacijo intermolekularnih disulfidnih vezi in s tem agregacijo, kar 
vodi v slabšo topnost proteinov, a izboljšano toplotno stabilnost (Tornberg, 2005).  
 
Analiza toplotne stabilnosti alergenov pri čemer so bili le-ti različno dolgo izpostavljeni 
temperaturi 95 °C je pokazala, da povišana temperatura ni imela bistvenega vpliva na 
stabilnost obeh izoform miozinske lahke verige. Večina signala je bila še vedno opažena v 
velikostnem območju monomerne oblike proteina, tudi po dolgotrajni, prekonočni 
inkubaciji. V tem primeru so se dodatno pojavili še dimeri pri 55 kDa in agregati velikosti 
več kot 180 kDa. Vsi zaznani fragmenti so v primeru miozinske lahke verige 1 ohranili 
sposobnost vezave protiteles IgE. Toplotna stabilnost je bila opažena tudi v primeru 
serumskega albumina, ki je sicer navadno opisan kot termolabilen protein, a zgolj do 2 ur 
inkubacije, ko je bila intenziteta vezave protiteles IgE že nekoliko nižja, dokler ni sčasoma 
povsem izginila. Podobno smo opazili tudi v primeru parvalbumina. Izdatna stabilnost 
serumskega albumina je bila sicer nepričakovana, a se ujema s študijo Paschke in Besler 
(2002), ki sta opazila podaljšano stabilnost izoliranega serumskega albumina v primerjavi s 
proteinom v toplotno obdelanem govejem proteinskem ekstraktu. Dolgotrajna inkubacija je 
med drugim sprožila agregacijo, ki so jo opisali tudi Werfel in sod. (1997). Vsekakor 
moramo pri interpretaciji rezultatov upoštevati razliko med testiranjem rekombinantno 
proizvedenega ali izoliranega proteina v primerjavi s proteinom, ki je del matriksa hrane. 
Ta bi lahko bila tudi razlog za slabšo stabilnost sicer na toplotno odpornega parvalbumina 
(Kuehn in sod., 2014).   
 
Dodatno smo preverili, če rekombinantno proizvedeni proteini tvorijo višje molekularne 
strukture kot so oligomeri. Proteine smo redčili s pufrom z dodanim reducentom 2-
merkaptoetanol ali pa brez le-tega. Opazili smo, da obe izoformi miozinske lahke verige 
tvorita agregate v nereducirajočih pogojih, parvalbumin pa ne.  
 
Sposobnost rekombinantnih alergenov, da vežejo protitelesa IgE je bila preverjena 
posredno v okviru testiranja toplotne stabilnosti. Protitelesa IgE iz seruma pacientov so 
prepoznala ter se vezala na reducirane proteine ločene na poliakrilamidni gelski 
elektroforezi in naknadno prenesene na nitrocelulozno membrano. Da bi lahko preverili ali 
je domneven alergen res lahko odgovoren za sensibilizacijo, bi bilo potrebno testirati 
posameznike z znano alergijo na svinjsko meso pri čemer bi morala vsaj polovica 
testiranih reagirati na ta alergen (Chruscz in sod., 2013). Zaradi pomanjkanja seruma 
pacientov tega nismo mogli preveriti in tako miozinske lahke verige ali parvalbumina ne 
moremo uvrstiti med ključne prašičje alergene.  
 
Prehranski alergeni morajo biti odporni proti razgradnji v gastrointestinalnem traktu s 
proteolitičnimi encimi in nizke vrednosti pH, da lahko v črevesju pride do njihove 
absorpcije in posledično že omenjene sensibilizacije. Astwood in sod. (1996) so prvi 
raziskovali stabilnost alergenov in vitro in ugotovili, da je znan sojin alergen ostal 
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nerazgrajen tudi po 60 minutah inkubacije v simulirani gastrični tekočini, med tem ko je 
bil nealergen protein špinače popolnoma razgrajen v prvih 15 sekundah. Kljub vsemu to ne 
velja za vse alergene, saj so mlečni kazeini, ki so eden od povzročiteljev alergije na mleko, 
občutljivi na pepsin in kljub razgradnji po prvih 2 minutah inkubacije vseeno uspejo 
povzročiti imunski odziv (Moreno, 2007). In vitro modeli prebave, ki tesno posnemajo 
fiziološke procese, so danes pogosto uporabljeni (Minekus in sod., 2014). Vključujejo tako 
žvečenje in požiranje kot vse nadaljnje faze prebave ob prisotnosti posameznih encimov v 
koncentracijah primerljivih fiziološkim (Moreno in sod., 2007).  
 
Rekombinantni proteini so bili proizvedeni v velikem merilu, kar nam je zagotovilo 
zadostno izhodiščno koncentracijo. Po izolaciji in čiščenju so bili liofilizirani in nato 
tretirani po postopku, ki so ga opisali Moreno in sod. (2007). Proteinski hidrolizati so bili 
analizirani na poliakrilamidni gelski elektroforezi. V primeru vseh treh rekombinantnih 
alergenov smo opazili hitro razgradnjo že v prvih minutah gastrične faze, medtem ko so do 
60. minute ostali prisotni zgolj posamezni razgradni produkti.  
 
Simulirali smo tudi prebavo in vitro celega kosa svinjskega mesa v skladu s 
harmoniziranim protokolom COST INFOGEST Network (Minekus in sod., 2014). Gel 
barvan s Coomassie barvilom ni omogočal določitve stopnje razgrajenosti posameznih 
proteinov, zato smo izvedli dodatno ločbo proteinov in njihov prenos z metodo po 
Westernu na nitrocelulozno membrano. Slednjo smo izpostavili protitelesom usmerjenim 
proti mizoinski lahki verigi in parvalbuminu. V prvem primeru smo detektirali jasen signal 
v velikostnem območju okrog 25 kDa kar nakazuje na stabilnost miozinske lahke verige 
skozi celotno gastrično fazo. Tekom intestinalne faze očitno pride do razgradnje, saj smo 
primerljiv signal zaznali tudi pri negativni kontroli. S protitelesi proti parvalbuminu nismo 
uspeli detektirati nobenega signala. Vzrok za to lahko leži v popolni razgradnji proteina ali 
pa ga primarna protitelesa niso uspela prepoznati, ker med prebavo ni izpostavljen v 
zadostni meri, je njegova koncentracija v končnem hidrolizatu prenizka ali pa je razlog v 
že omenjenih omejitvah primarnih protiteles.  
 
Na razlike v stabilnosti posameznih alergenov na razgradnjo s proteolitičnimi encimi 
najbrž vpliva matriks hrane, ki zaščiti individualne proteine pred razgradnjo. Poleg tega bi 
bil lahko razlog za hitrejšo razgradnjo rekombinantnih alergenov v njihovi bolj fleksibilni 
strukturi, ki omogoča lažji dostop encimov do peptidnih vezi in s tem njihovo cepitev 
(Pekar in sod., 2018). Vsekakor bi bilo v nadaljevanju priporočljivo preveriti posamezne 
hidrolizate z izpostavitvijo serumu pacientov. Tako bi lahko določili posamezne fragmente, 
ki jih lahko zaznamo skozi individualno fazo prebave, in njihovo sposobnost vezave 
protiteles IgE.  
 
Alergija na meso je redek pojav. Zanimivo je, da glede na evolucijsko podobnost sesalcev 
in človeka o takšni vrsti alergije sploh poročamo (Spitzauer, 1999). V okviru tega dela smo 
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uspeli zaznati in identificirati alergene v obdelanih mesnih izdelkih. Serumski albumin, ki 
je povzročitelj alergij na mleko, meso in epitelij (Matsuo, 2015) je bil detektiran tudi v 
mesnih izdelkih svinjskega izvora. Prav tako smo lahko potrdili njegovo ohranjeno 
sposobnost vezave protiteles IgE. Dodatno smo uspeli zaznati in identificirati izoformi 
miozinske lahke verige in parvalbumin. Prisotnost posameznih potencialnih alergenov ni 
bila uniformna za vse izdelke. Intenziteta signala je med posameznimi vzorci mesnih 
ekstraktov močno variirala, ali pa signala ni bilo moč zaznati. Obdelava izdelkov ima tako 
verjetno vpliv na alergenost mesnih proteinov, pri čemer je še posebej pomembna toplotna 
obdelava, saj bistveno spremeni termolabilne proteine in lahko izniči njihovo sposobnost 
vezave protiteles. Nadaljnja karakterizacija rekombinantnih proteinov je potrdila 
podobnost med proizvedenimi oziroma naravno prisotnimi proteini. Rekombinantni 
alergeni so tako lahko prvo orodje za nadaljnje študije alergij na meso. V prihodnosti pa bi 
bilo vseeno potrebno izvesti raziskave, ki bi zajemale večje število pacientov in alergene 
dodatno okarakterizirati, da bi lahko bolje razumeli vzroke in mehanizem alergije na meso 
ter tako lahko tudi izboljšali diagnostične metode in naredili korak naprej v zdravljenju. 
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ANNEX A 
 
Parvalbumin plasmid mini preparation restriction digests 
 
To produce recombinant parvalbumin, 10 different single colonies were cultivated in 
small-scale cultures and subsequently analysed. The sample that showed the presence of a 
faint band at 300 bp, indicating that it contained the insert, was used to transform 
competent E. coli cells. These were used for the inoculation of a larger culture for 
preparation of the plasmid in a midi scale.  
 
 
 
Parvalbumin plasmid mini preparation 8 showed the presence of the insert – Restriction digests of 10 
mini preparations (labelled with numbers 1-10) loaded on 1 % agarose gel. The red square indicates the 
presence of the faint band at base pair (bp) size marked in the left margin corresponding to the insert size.  
V plazmidih vzorca 8 je prisoten vključek z zaporedjem za parvalbumin  
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Annex B 
MLC1 (A), MLC3 (B) and parvalbumin (C) expression optimization  
 
Expression of recombinant proteins was optimized by determination of the optimal time of 
induction of protein expression as well as by assessment of the solubility of the proteins in 
a native buffer. 
 
 
 
 
 
 
Myosin light chain 1 (A) is only partially soluble in native buffer, myosin light chain 3 is soluble in 
native buffer after 2 hours after induction (B) and parvalbumin is fully soluble in native buffer (C) – 
Samples of various time points prior (SN t0 – supernatant prior induction, P t0 – pellet prior induction) and 
after induction (SN t1-4 – supernatant 1-4 hours after induction, P t1-4 – pellet 1-4 hours after induction) with 
IPTG were loaded on 15% SDS-PAGEs and Coomassie stained. Molecular weights (kDa) are indicated in the 
left margin. 
Miozinska lahka veriga 1 (A) je zgolj delno topna v nativnem pufru, miozinska lahka veriga 3 je topna 
2 uri po indukciji (B), parvalbumin pa je v nativnem pufru popolnoma topen (C) 
  
B 
C 
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Annex C 
In vitro digestion analysis of recombinant MLC3 and parvalbumin 
 
Recombinant allergens were evaluated regarding their stability when exposed to in vitro 
digestion conditions. As in the case of porcine myosin light chain 1, myosin light chain 3 
(A) and parvalbumin (B) recombinant proteins do not resist gastric nor duodenal digestion 
conditions.  
 
 
 
 
 
 
Myosin light chain 3 (A) and parvalbumin (B) do not resist gastrointestinal digestion - Recombinant myosin light 
chain 3 that had been exposed for different times to in vitro gastric (G1 – 1 min, G2 – 2 min, G4 – 4 min, G6 – 6 min, G8 – 
8 min, G10 – 10 min, G15 – 15 min, G30 – 30 min, G60 – 60 min) and intestinal (I2 – 2 min, I5 – 5 min, I10 – 10 min, I15 – 15 
min, I30 – 30 min, I60 – 60 min) digestions  was separated on a 15% SDS-PAGEs. Molecular weights (kDa) are indicated 
in the left margin. CT – undigested control sample 
Miozinska lahka veriga 3 (A) in parvalbumin (B) ne prestaneta gastrointestinalne prebave 
 
A 
B 
